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ABSTRACT
Cyclic C02 injection, more commonly referred to as the 
C02 huff 'n' puff process, is an enhanced oil recovery method 
which targets remaining oil. Initially used for heavy oil 
recovery, it has been applied recently to the enhanced 
recovery of light oil with promising results.
The C02 huff 'n' puff process is physically simulated in 
laboratory experiments using Berea sandstone consolidated 
cores with live and dead oil systems. Corefloods provide 
extensive and systematic data at controlled conditions 
allowing selected process parameters to be investigated. This 
research used corefloods to examine the effect of an initial 
gas saturation and an impure C02 source on the process. 
However, physical restraints such as time taken to perform 
experiments, and the fixed physical properties of the core, 
preclude corefloods under a wider range of conditions. 
Coreflood data can be used for tuning a compositional 
reservoir simulator. A well calibrated numerical model can 
in turn be used to predict the results of the C02 huff 'n' 
puff process for diverse reservoir and operating conditions 
difficult to duplicate in the laboratory.
x
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This approach is used to calibrate a commercially 
available compositional model. The calibrated model is then 
used to predict the effects of soak duration, remaining oil 
saturation, C02 slug size and C02 injection rate on ultimate 
recovery.
xi
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CHAPTER 1
INTRODUCTION
All oil reservoirs undergo a period of production 
referred to as primary recovery in which a fraction of the 
original oil in place (OOIP) is recovered by the natural 
energy of the reservoir. Reservoir fluids, rock compaction, 
and expansion of a gas cap due to decline in pressure cause 
oil to be driven into the wellbore. Water encroachment from 
an aquifer and gravity drainage also help to drive oil to 
producing wells. Primary recovery continues until an 
uneconomical oil rate is reached. Recovery efficiency varies 
widely from reservoir to reservoir; a typical range is 20-50% 
of the OOIP (Stalkup, 1984).
Fluid injection, either gas or water, at pressures where 
the gas is immiscible with the oil, constitutes the secondary 
recovery stage during which there is additional production of 
oil. Recovery efficiency of secondary recovery operations is 
in the range of 20-40% of the OOIP at their implementation.
The remaining oil in place is the target for a wide range 
of enhanced or tertiary oil recovery methods. C02 cyclic 
injection, commonly referred to as C02 huff 'n' puff, is an 
enhanced oil recovery (EOR) method which targets remaining 
oil. The process (Figure 1.1) consists of cycles of injection
1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C02 INJECTION - 'HUFF
2
SOAK PERIOD
u r n VJttJTfi
FLUID PRODUCTION ■'PUFF
M M ?
y / M w  
'V '/ / / ' ' ' / .
y////V/Z > ■
»«!
Figure 1.1 The C02 Huff ' n1 Puff Process
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of C02 into a well (called the huff) and the production of 
fluids from the same well (called the puff) after a shut-in 
period (called the soak).
Cyclic C02 injection for heavy oil recovery was 
originally proposed as an alternative to cyclic steam 
injection which is widely used in California, Canada and 
Venezuela. Numerical simulation and laboratory and field 
testing of the cyclic C02 injection process began in the early 
1980's. Its application was extended to light oil reservoirs 
in 1984.
The C02 huff 'n' puff process is an economically 
attractive EOR method because of its shorter project life, 
and use of smaller amounts of C02 as compared to full scale C02 
flooding. In reservoirs with poor interwell communication, 
this process may offer the only economically feasible way of 
recovering tertiary oil.
Physical simulation of the huff 'n' puff process is done 
by performing laboratory corefloods. This enables the 
investigation of process parameters under controlled 
experimental conditions, thus providing extensive and 
systematic data. However, physical restraints such as the 
time taken to perform corefloods and the fixed geometry of the 
core preclude corefloods under a wider range of conditions.
Numerical simulation of the huff 'n puff process is done 
by using a calibrated compositional model. This is much
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
faster than laboratory corefloods and allows for the 
simulation of diverse reservoir and operating conditions that 
are difficult to duplicate in a laboratory. However, even the 
best simulation is only an approximation of actual conditions, 
and there exists the danger of simulating physically 
unrealizable scenarios.
Physical and numerical simulation complement each other 
and both can be used jointly as an effective tool to probe the 
effect of various parameters on the C02 huff 'n' puff process. 
Combining these two approaches is attempted in this study.
Based on previously performed laboratory experiments and 
numerical simulation, and data obtained from field tests, some 
of the important parameters affecting the process have been 
identified. Additional study to further understand the effect
t
of these parameters on the huff 'n puff process is needed.
Process economics can be further improved if the C02 
produced during the puff is re-used for injection in a 
subsequent cycle in the same well, or in another well. 
However, the C02 will be contaminated with impurities like 
methane whose effect on process efficiency needs to be 
studied. This research effort examines, through laboratory 
corefloods, the effect of injecting impure C02 on process 
efficiency.
Many reservoirs which are targets for enhanced oil 
recovery by the C02 huff ’n ’ puff process are at saturated 
conditions and have a gas phase present. The effect of an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
initial reservoir gas saturation on the recovery of tertiary 
oil is also investigated by laboratory corefloods.
A three-dimensional compositional reservoir simulator was 
calibrated and tested using data from corefloods that examined 
the effect of an initial gas saturation. The model is then 
used to predict the effects of soak duration, remaining oil 
saturation, C02 slug size, and C02 injection rate on ultimate 
recovery.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
LITERATURE REVIEW
2.1 Introduction
Since its initial application for the enhanced recovery 
of light oil, the C02 huff *n' puff process has been 
investigated by laboratory corefloods, numerical simulation 
and analysis of field test data. A synopsis of these 
investigations is given hereafter.
During the puff, C02 is injected into a well as a liquid. 
The C02 migrates into the reservoir by displacing the mobile 
water phase around the welibore and bypassing the residual 
oil. During the soak, the C02 interacts with the oil it has 
contacted by dissolving in it. C02 solubility is much greater 
in oil than in water; therefore water becomes saturated with 
C02 rapidly. On dissolution in oil, the C02 causes the oil to 
swell and lowers its viscosity. Also, there is a reduction 
in interfacial tension. The resulting altered fluid 
saturations, viscosity and interfacial tension cause oil to 
flow more easily during the puff. Simon and Graue (1965) have 
developed correlations for predicting solubility, swelling and
6
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viscosity changes in C02-crude oil systems. The solubility 
correlation is illustrated in Figures 2.1a, 2.1b and 2.1c, the 
swelling correlation in Figure 2.2, and the viscosity 
correlation in Figures 2.3a, 2.3b and 2.3c.
2.2 Definitions
Before discussing‘observations and conclusions made in 
literature, it will be timely to define terminology commonly 
associated with the process. Incremental oil is defined as 
the oil production in excess of that predicted by decline 
curve analysis during continued operation of a well. C02 
utilization is defined as the Mscf of C02 injected per stock 
tank barrel of incremental oil recovered. The smaller the C02 
utilization, the better the process economics. Stimulation 
ratio is defined as the maximum monthly oil production rate 
after C02 injection divided by the monthly oil production 
rate preceeding C02 injection. A stimulation ratio greater 
than one indicates a definite favorable initial response to 
the process. The volume of C02 injected is commonly referred 
to as a percent of the hydrocarbon pore volume. Waterflood 
residual oil recovery is defined as the incremental oil 
recovered due to C02 stimulation divided by the waterflood 
residual oil prior to C02 injection.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2.3 Reservoir Conditions
Reservoir conditions which characterize the C02 huff 
'n'puff process can be categorized as miscible, near-miscible 
and immiscible. For miscibility to develop between C02 and 
the reservoir oil, the pressure must exceed a value known as 
the minimum miscibility pressure (MMP). The MMP is a function 
of reservoir temperature, oil molecular weight and oil 
composition and can be predicted by empirical correlations 
developed by Holm and Josendal (1974), Alston et al.(1985), 
and Orr and Silva (1985). These correlations are illustrated 
in Figures 2.4, 2.5 and 2.6. Near-miscible conditions are 
obtained when the reservoir pressure is less than the MMP but 
is higher than the C02 vapor pressure, i.e. the C02 is still 
in a liquid state with an approximate density range between 
0.25 and 0.6 gm/cc. Immiscible conditions prevail when the 
reservoir pressure is less than both the MMP and the vapor 
pressure of C02, i.e. the C02 is in a gaseous state and has a 
density of less than approximately 0.25 gm/cc.
2.4 Process Feasibility
A laboratory and field evaluation by Monger and Coma 
(1988) concluded that waterflood residual oil can be displaced 
by cyclic C02 injection. Cyclic C02 corefloods performed on 
watered-out Berea cores and 14 field tests performed by three
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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major oil companies were evaluated. These wells all produced 
from S. Louisiana oil-bearing sands. Miller (1990) reported 
that the process can significantly increase the oil 
production from shallow, light oil and stripper wells. 
Simpson (1988), Palmer et al. (1986), and Haskin and Alston
(1989) have also reported field tests that have successfully 
recovered tertiary oil. Simpson (1988) evaluated two huff 'n' 
puff projects in a bottom-water reservoir in the Timbalier Bay 
field in Louisiana which has a 26° API gravity oil. Palmer et 
al. (1986) evaluated process performance in 11 wells in five 
South Louisiana fields. Haskin and Alston (1989) evaluated 
28 field tests in the Texas Gulf Coast. They all concluded 
that the process was technically feasible and recovered 
tertiary oil.
2.5 Process Parameters
2.5.1 Soak Period
A soak period was required to maximize oil recovery in 
laboratory studies (Monger and Coma, 1988), however field test 
results indicate that process performance appears to be less 
sensitive to the duration of soak. For 9 successful field 
tests, soak periods ranged from 18 to 52 days. Palmer et 
al.(1986) reported successful field tests with soak times 
ranging from 2 to 4 weeks. Haskin and Alston (1989) concluded 
that a soak period of 2 to 3 weeks for field tests in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Texas Gulf coast seemed better than shorter or longer times. 
However, Simpson (1988) found that a 7 week soak produced 
better results than a 4 week soak in the case of one well.
2.5.2 Reservoir Pressure
Monger et al.(1988) conclude from laboratory studies that 
the process is more favorable at immiscible than near-miscible 
or miscible conditions because it minimizes the C02 
utilization and thus enhances economics. Coreflood results 
show that for an approximately equal C02 slug size, the C02 
utilizations were 2.87 and 3.82 Mscf/STB at immiscible and 
near-miscible conditions respectively. This is caused by the 
larger reservoir volume occupied at immiscible conditions by 
a fixed mass of C02. However, near-miscible conditions are 
more favorable than miscible because they optimize the 
efficiency of oil displacement for equal pore volumes of the 
reservoir contacted by the C02. C02 pore volumes of 22% at
immiscible and near-miscible conditions resulted in waterflood 
residual oil recoveries of 7.9% and 17.3%, respectively. 
Patton et al.(1982) report that the process is most applicable 
to reservoir conditions that preclude miscibility.
2.5.3 Injection Rate
Palmer et al.(1986) report that the faster the C02 
injection rate, the further it will finger out into the 
reservoir, thus contacting more oil. A parametric study by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Patton et al.(1982) reports that the adverse mobility of the 
C02 promotes viscous fingering which propagates C02 deeper 
into the reservoir.
2.5.4 Multiple Cycles
Monger and Coma (1988) found that a second cycle of C02 
injection recovers additional incremental oil, albeit with a 
slight decline in recovery efficiency. A third cycle 
recovered oil but with a sharper decline in .efficiency. 
Thomas and Monger (1990) also report that multiple cycles 
recover additional oil but with decreasing efficiency for each 
subsequent cycle.
2.5.5 C0? Slug Size
Monger and Coma (1988) found that increasing the amount 
of C02 injected (and thus the reservoir space occupied by the 
C02) improved process efficiencies. Haskin and Alston (1989) 
also found that injection of larger volumes of C02 resulted in 
greater incremental oil recovery. A well receiving a volume 
of 8 MMscf of C02 recovered more than twice as much oil as a 
well treated with 4 MMscf. Miller (1990) observed that 
depending upon the type of reservoir, there may be a minimum 
C02 slug size needed to recover oil. The recovery efficiency 
improves up to a point, beyond which any additional C02 
injected causes a decrease in efficiency. Thomas and Monger
(1990) report that an optimum C02 slug size depends upon field
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conditions. Studies by Denoyelle and Lemonnier (1987) suggest 
that the slug size is not necessarily the most important 
parameter required to maximize oil recovery.
2.5.6 Economics
Economic success of field tests is a function of various 
parameters, principal among them being C02 utilization and 
stimulation ratio. Thomas and Monger (1990) report successful 
field tests with average C02 utilizations of 1.3 Mscf/STB. 
About 80% of the projects analyzed in a database were judged 
successful based on C02 utilizations of less than 3 Mscf/STB. 
Palmer et al.(1986) report a C02 utilization of 1.9 Mscf/STB 
while Simpson (1988) reports utilizations of 1.1 and 3.2 
Mscf/STB for economically successful tests.
2.5.7 Recovery Mechanisms
Haskin and Alston (1989) found viscosity reduction and 
oil swelling to be the principal mechanisms of recovery 
Simpson (1988) reported similar results for 2 tests in a S. 
Louisiana reservoir. Thomas and Monger (1990) found that 
diffusion of C02 during soak and phase behavior contribute to 
tertiary oil recovery. Other mechanisms include hydrocarbon 
extraction, reduction of interfacial tension, and altered 
relative permeability effects.
The process has been numerically simulated by Hsu and 
Brugman (1986) who history matched two cycles of C02
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Injection. A prediction was made for a third cycle. 
Simulation results indicate that several mechanisms 
contributed to oil production, including intermediate 
hydrocarbon vaporization, oil viscosity reduction and oil 
swelling. Denoyelle and Lemonnier's (1987) numerical 
simulation of light and heavy oil reservoirs indicate that gas 
relative permeability hysteresis leading to gas and water 
blockage is responsible for incremental oil recovery.
2.5.8 Type of Drive Gas
Preliminary results indicate that the use of impure C02 
sources offers a means of further improving light oil recovery 
by the huff 'n' puff process (Monger et al.,1988).
2.6 Conclusions
There are some parameters that need to be further 
investigated. They include the effects from an impure gas 
saturation, soak duration, injection rate and slug size. 
Parameters that have never been investigated include the 
effects of gravity segregation, gas cap and remaining oil 
saturation on the huff 'n' puff process.
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CHAPTER 3
METHODOLOGY OF PHYSICAL SIMULATION
3.1 Introduction
The C02 huff 'n' puff process is physically simulated by 
performing laboratory corefloods. Materials used for the 
simulation and simulation methodology are discussed hereafter. 
Results are discussed in chapter 5.
3.2 Crude Oil Properties
The enhanced oil recovery (EOR) group in the Department 
of Petroleum Engineering has an ongoing collaborative research 
effort with a consortium of oil companies. Light oil for this 
and research previously done was obtained from Chevron Oil 
Company, one of the members of this consortium. The light 
crude oil used to perform laboratory corefloods is a 31.2 ° 
API stock tank oil (STO) from the Timbalier Bay Field in 
Lafourche Parish, Louisiana. Table 3.1 lists relevant 
physical properties of this oil.
22
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TABLE 3.1 
PROPERTIES OF CRUDE OIL
TIMBALIER BAY:
Molecular Weight
Freezing point depression 
Gas Chromatography
Density
Deg. API
g/cc (60 deg. F, 1 atm) 
Viscosity 
cp (206 F, 1 atm) 
Composition
Aromatic carbon content (%) 
Weight of C5- C36 by GC
222
224
31.2
0.8697
2.49
12
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A -  Positive Displacement Pump F -  Core Rotating Device
B -  Storage Reservoir G -  Sight Glass
C -  Pressure Gage H -  Filter
D -  Floating Piston Transfer Vessel 1 -  Bock Pressure Regulator
E -  Consolidated Core J -  Flash Separator
TC -  Temperature Controller K -  Wet Test Meter
 v- Huff Flow Direction
— ♦> Puff Flow Direction
Figure 3.1 Cyclic C02 Coreflood Apparatus
PO45*
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3.3 Coreflood Apparatus
Figure 3.1 illustrates the apparatus used to perforin 
cyclic C02 corefloods. The cores are consolidated Berea 
sandstone approximately 6 feet in length and 2 inches in 
diameter. Berea sandstone is used because it is an industry 
standard for experimental research work. This is because it 
is easily mined from an outcrop of a sandstone formation in 
Ohio and is representative of a reservoir rock. To contain 
the flow of fluids, the core is coated with epoxy resin prior 
to its installation and placed in an insulated steel 
cylindrical coreholder. The annulus of the coreholder is 
filled with hydraulic oil and the pressure maintained at 1000 
to 1500 psi greater than the core pressure. This insures the 
integrity of the epoxy coating. To maintain a constant 
temperature, an ethylene glycol-water mixture is circulated 
in stainless steel tubes wrapped around the core assembly. 
Heat losses are minimized by the insulation of the core 
assembly. The core assembly is mounted horizontally on a 
rotating device. It can be rotated, during a flood, 360 
degrees about its longitudinal axis to prevent gravitational 
override. The core is connected at both ends to floating 
piston transfer vessels. These vessels in conjunction with 
Ruska positive displacement pumps filled with hydraulic oil 
are used to transfer fluids in and out of the core. The
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outlet end of the core is connected to a production panel, 
that includes a sight glass for visual observations at high 
temperature and pressure, and backpressure regulators. Oil 
and water collect in an atmospheric separator and the gas is 
measured in a gasometer or a wet-test meter. Pressures at the 
upstream and downstream ends are monitored by digital-meters 
and Bourdon tube gauges.
3.4 Core Cleaning Procedure
Prior to the beginning of the first cycle of a new 
coreflood, the following extensive cleaning procedure is done 
in an attempt to restore the core to its known initial 
strongly water-wet state:
1. Flushing with 4 to 5 pore volume (PV) of 50,000 ppm 
brine (NaCl) or until no gas is produced. Brine 
water is used to prevent clay swelling. The amount 
of gas flushed out of the core during this step 
depends on the size of the gas slug injected during 
the huff, the amount of gas produced during the 
puff, and whether live oil or STO was used as the 
reservoir fluid during the previous experiment.
2. Flushing with 2 to 3 PV 20,000 ppm brine or until 
a clear effluent is obtained.
3. Flushing with about 2 PV of isopropyl alcohol (IPA) 
or until no more oil is solubilized and a clear
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effluent is obtained. The IPA dissolves oil that 
was not pushed out by the brine. When IPA contacts
50.000 ppm brine, salt precipitates out. This can 
plug up the pore spaces in the core. To prevent 
this, 20,000 ppm brine is used to flush out the
50.000 brine prior to cleaning with IPA.
4. Flushing with about 2 PV of xylenes or until no more
oil is solubilized and a clear effluent is obtained. 
Xylenes solubilize the remaining oil in the core.
5. Flushing with about 2 PV of IPA or until no more oil
is solubilized and a clear effluent is obtained.
6. Flushing with 2 PV of 20,000 ppm brine or until a
clear effluent is obtained.
7. Flushing with 2 PV of 50,000 ppm brine until a clear
effluent is obtained.
Each of these seven steps are done in both directions. 
The core is maintained at a pressure of approximately 
1500 to 1600 psig so that the C02 remains as a liquid inside 
the core.
3.5 Preparation of Core for Coreflood
After the cleaning procedure, an absolute permeability 
measurement is taken using 50,000 ppm brine by maintaining an 
average flow rate and constant pressure differential between 
the core inlet and outlet. Permeabilities range from
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approximately 200 to 500 md.
The core is then saturated with Timbalier Bay stock tank
011 (STO) or a reconstituted reservoir live oil. The oil is 
injected in the huff direction which is arbitrarily defined 
to facilitate operation during corefloods. The reverse 
direction is called the puff direction. The core is then 
waterflooded using 50,000 ppm brine to a near residual oil 
saturation in the same direction. Oilflood and waterflood 
rates are varied between 80 and 200 cc/hr to keep the pressure 
drop across the core less than 300 psig. A material balance 
determines the amount of waterflood residual oil left inside 
the core. Since the water-cut during waterflooding approaches 
unity, it is assumed that all the oil recovered during the 
huff ’ n' puff is tertiary oil which cannot be recovered by 
other conventional methods. The core is now heated to run 
temperature and equilibrated at the temperature for at least
12 hours. This temperature change does not significantly 
alter the waterflood residual oil saturation or the mobility 
ratio between oil and water. Slight adjustments are made to 
bring the core to run pressure. The core is now ready for 
cyclic injection of C02.
3.6 CO? huff 'n' puff Process
The core physically models the mobilization of waterflood 
residual oil in any part of the reservoir contacted by the
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C02. The effect and contribution of the remainder of the 
reservoir is modeled by a transfer vessel preloaded with brine 
connected at the core outlet and maintained at constant 
pressure during the run.
A slug of liquid C02 is injected in the huff direction 
which is the primary direction of flow in the core. The 
injection rate is 60 cc/hr. Slug sizes are designed so that 
during the huff only brine is displaced into a transfer 
vessel. Slug sizes range from 0.167 to 0.247 of the pore 
volume of the core. Observations through sight glass 
confirmed that this goal was attained. Following the huff, 
the core is shut-in for a soak period before the puff. Soak 
periods range from 10 to 17 hours. The puff is done by 
pumping the contents of the transfer vessel back into the core 
at 60 cc/hr, with production from the core inlet routed via 
a sight glass to the production panel.
The produced fluids are flash separated, and the 
composition of the gas stream determined by gas 
chromatography. Tertiary and waterflood oil recovery 
efficiencies are determined by volumetric material balance. 
A second cycle of C02 follows immediately upon cessation of 
oil production from the first cycle. Procedures for both 
cycles are analogous.
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CHAPTER 4
METHODOLOGY OF NUMERICAL SIMULATION
4.1 Introduction
The C02 huff 'n' puff process in a core is numerically 
simulated by using a compositional reservoir simulator. A 
discussion of the model used and the data needed follows. The 
results are discussed in chapter 6.
4.2 Simulator Features
A three-phase, three-dimensional multicomponent reservoir 
simulator, SIMCO, developed by Continental Computer Bureau 
Ltd. is used. This model was selected after a review of 
simulators for features and cost. A description of these 
features is given in Appendix E. Computations are done on a 
VAX-8800 mainframe which is part of Louisiana State 
University's computer network.
4.3 Physical Modelling of Core
A rectangular grid-block geometry is used to describe the 
6 ft. long, 2 inch diameter sandstone core. Each block is
30
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0.01477 ft. wide and 0.1477 ft. high and has a length which 
is a function of the number of gridblocks that represent 6 
feet. These dimensions correspond to the volume of the core 
used in corefloods. The first and last gridblocks are 
assigned as the inlet and outlet of the core. Additional 
blocks beyond the outlet block model the transfer vessel 
preloaded with brine.
4.4 Initialization of Model
4.4.1 Data
Measured values of porosity, absolute permeability, 
initial pressure and initial fluid saturations are assigned 
to each block.
4.4.2 Oil Characterization
The reconstituted reservoir oil (RRO) used for corefloods 
is described by eight pseudo-components (Table 4.1). They 
include C02, Cl which represents the lighter fractions, and 
C6+, C9+, C12+, C17+, C25+ and C37+ which represent the STO 
components of the RRO. Mole fractions of these pseudo­
components are based on a gas chromatographic analysis of the 
Timbalier Bay oil from C6+ to C37+ which was done at Louisiana 
State University. The grouping into these pseudo-components 
was done to give approximately equal mole fractions for each
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TABLE 4.1 
PROPERTIES OF PSEUDO-COMPONENTS
PSEUDO­
COMPONENT
MOL.
WT.
Pc
(PSIA) (°R)
w
co2 44.01 1071.0 547.9 .2225
Cl 16.04 667.8 343.9 .0126
C6+ 100.12 441.8 1003.4 .2888
C9+ 132.86 382.1 1122.9 .4119
C12+ 181.38 318.4 1249.7 .5740
C17+ 240.27 231.2 1382.4 .8000
C25+ 342.82 185.0 1558.7 1.1167
C37+ 464.00 178.1 1673.0 1.4993
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TABLE 4.2
BINARY INTERACTION COEFFICIENTS OF PSEUDO-COMPONENTS
C02 Cl C6+ C9+
C02 0 .1500 .1500 .1500
Cl .1500 0 0 0
C6+ .1500 0 0 0
C9+ .1500 0 0 0
C12+ .1500 0 0 0
C17+-.0511 .0523 0 0
C25+ . 1877 .0575 0 0
C37+.2467 .0640 0 0
C12+ C17+ C25+ C37+
,1500 -.0511 .1877 .2467
0 .0523 .0575 .0640
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
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of them.
Molecular weights, critical temperatures and pressures, 
acentric factors (w), and binary interaction coefficients for 
each of these pseudo-components are input. This information 
is listed in Tables 4.1 and 4.2. Using these, an equation of 
state (EOS) is tuned to represent the RRO. This research 
employed the Peng-Robinson EOS which is used in reservoir 
compositional simulation studies.
4.4.3 Fluid Flow-Control Variables
Relative flow rates of oil, gas and water may be varied 
in a simulator by changing relative permeabilities and 
capillary pressure curves for each of these fluids. This is 
done until a history match of oil, gas and water production 
is obtained. The data obtained from the coreflood includes 
cumulative amounts of oil, gas and water injected and produced 
during each of the oilflood, waterflood, huff and puff stages. 
As previously mentioned, Berea sandstone is a standard for 
experimental research work. A literature review provided 
relative permeability and capillary pressure curves for the 
sandstone with different stock tank oils (Oak et al., 1988). 
These were used for the initial simulations of the oilflood 
and waterflood stages. Minor changes in the curves were made 
to history match oil, gas and water production with time for 
these stages. These curves were then used for initial 
simulations of the C02 huff, soak and puff stages.
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The following conditions were used to model cyclic C02 
injection:
Block # 1 - C02 injection well for HUFF
Shut-in during SOAK
Production well for PUFF
Block # N - Production well for HUFF
Shut-in during SOAK
H20 injection well for PUFF
Initially, a history match is obtained by calibrating 
the simulator for a certain set of reservoir conditions. Once 
the simulator is tuned, performance predictions for the 
process at different reservoir conditions are made.
4.5 Parametric Sensitivity Analysis
4.5.1 Number of Gridblocks
As the number of blocks approaches infinity and each one 
becomes infinitesimally small, the model becomes truly 
representative of the core. However, CPU time, and 
subsequently the cost of computer time, increases with the 
number of blocks used. Conversely, too few blocks will not 
adequately describe the core and results will be inaccurate. 
A parametric study of the sensitivity of the model to the 
number of gridblocks is done by varying them and analysing the 
results. An optimum number is the minimum number of grids 
used beyond which there is no significant change in predicted
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performance. In Fig 4.1, cumulative oil, gas and water 
produced, water cut and CPU time taken (for 2.5 hours into the 
puff period) are plotted against a number of gridblocks. The 
puff duration during corefloods generally varies between 2 and 
3 hours. Five simulations were performed in which the 6 ft 
long core was represented by 5, 10, 15, 20 and 30 gridblocks, 
respectively. As the number of blocks increase, CPU time 
increases exponentially. Oil, gas and water production, and 
water cut stop changing significantly after about 20 
gridblocks. Consequently, furthur simulation studies are done 
with 20 blocks representing the core, each block being 0.3 ft 
in length. An additional 4 gridblocks represents the transfer 
vessel connected to the core outlet.
4.5.2 Reproducibility of Simulation Results
The reproducibility of predictions made by the numerical 
model was investigated. The simulations were run for an 
undersaturated RRO at 3300 psig and 130°F. The RRO has a G0R 
of 400 SCF/STB. Table 4.3 shows results of two runs performed 
with identical input data. They indicate that the model has 
very good reproducibility.
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TABLE 4.3
REPRODUCIBILITY OF SIMULATION RESULTS
RUN NO. NP
(cc)
W p
(cc) (IcF)
fw CO, INJ.
(SCF)
PROD. RATE 
(cc/hr)
1 21.6 28.6 1.429 .782 .2083 60
2 21.9 28.7 1.424 .774 .2083 60
Run Conditions:
T = 130°F 
P = 3300 psig 
GOR = 400 SCF/STB
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CHAPTER 5
RESULTS AND DISCUSSION OF PHYSICAL SIMULATION
5.1 Laboratory Corefloods
Cyclic injection corefloods were done under two sets of 
conditions. One set used reconstituted reservoir oil (RRO) 
at 130°F and pressures ranging from 1900 psig to 3600 psig to 
examine the influence of an initial gas saturation on light 
oil recovery. This set of pressures simulated conditions 
below and above the bubble point of the live oil. The other 
set used STO at room temperature and 500 psig to examine the 
utilization of impure C02 at immiscible conditions. These 
conditions simulate recovery from pressure-depleted reservoirs 
which typically produce an insignificant amount of gas.
5.1.1 Initial Gas Saturation
Ten corefloods (5 dual cycle) were performed using pure 
C02 and a reconstituted reservoir oil (RRO). The RRO was made 
by recombining 99.97% pure CH4 (methane) gas with Timbalier 
Bay STO to give a Gas-Oil Ratio (GOR) of 400 SCF/STB. This 
value was representative of the oil at reservoir conditions. 
At the run temperature of 130°F, the bubble point of this RRO 
is 3100 psig. Cyclic corefloods were done above the bubble
39
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point at 3600 and 3300 psig, and below the bubble point at 
2600, 2100 and 1900 psig. 2.5 gm-moles of liquid C02 was 
injected during the first and second cycle which had soak 
times of 10 and 11 hours, respectively. Coreflood studies 
have shown the necessity of a soak period to maximize oil 
recovery. However, process performance appears to be less 
sensitive to the duration of soak. There was no appreciable 
difference in the amount of incremental oil when a soak longer 
than 10 hours was used. The oilflood and waterflood to 
residual oil saturation, as described in Sec. 3.4, was done 
above the bubble point. The brine was then removed to drop 
core pressure below the bubble point to promote the formation 
of a well distributed gas phase prior to C02 injection. 
Twenty-four hours were allowed before C02 was injected into 
the core. Tables 5.1 and 5.2 contain a summary of run 
conditions and results.
Run No. 51 was done above the bubble point at 3300 psig. 
The core was waterflooded to a near-residual oil saturation 
of 40.3% before injection of 2.5 g-mole of C02 at 60 cc/hr. 
This is equivalent to a pore volume fraction of 0.170 (Table 
5.1). A soak time of 10 hours was allowed before production. 
The production profile observed is shown in Figure 5.1. The 
experimental data used to generate production profiles for all 
the laboratory corefloods are documented in Appendix A. An 
initial water slug, attributable to dead volume in lines from 
core inlet to the production panel, was followed by two-phase
with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 5.1
CONDITIONS OF CYCLIC C02 COREFLOODS TO EXAMINE INITIAL GAS SATURATION EFFECTS* 
WATERFLOOD
RUN
NO.
PERM
(md)
INITIAL
OIL
<soi)
RESIDUAL
OIL
<SorJ
WATERFLOOD
RECOVERY
(En)
PRESS
(psig)
SLUG SIZE 
(g-mol) (scf) (Vb,,),
CYCLI
NO.
BELOW BUBBLE POINT
61 296 .547 .338 .382 1900 2.50 2.09 .247 1
62 296 .547 .338 .382 1900 2.50 2.09 .247 2
53 233 .591 .393 .335 2100 2.42 2.03 .215 1
54 233 .591 .393 .335 2100 2.42 2.03 .215 2
59 218 .571 .366 .359 2600 2.50 2.09 .189 1
60 218 .571 .366 .359 2600 2.50 2.09 .189 2
ABOVE BUBBLE POINT
51 305 .619 .403 .349 3300 2.49 2.08 .170 1
52 305 .619 .403 .349 3300 2.49 2.08 .170 2
57 255 .569 .354 .378 3600 2.50 2.09 .167 1
58 255 .569 .354 .378 3600 2.51 2.10 .167 2
a. Rate of gas injection and water influx 60 cc/hr.
b. Timbalier Bay RRO has GOR of 400 scf/bbl.
c. Soak times of 10 & 11 hrs. for 1st & 2nd cycles respectively
d. Bubble point of T.B.RRO at 130° F is 3100 psig.
e. Pure C02 used for all runs
f. Temperature of core is 130° F
g. Fraction of core pore volume occupied by gas slug during soak neglecting mixing
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TABLE 5.2
RESULTS OF CYCLIC C02 COREFLOODS TO EXAMINE INITIAL GAS SATURATION EFFECTS
C02 UTILIZATION
RUN CYCLE % GAS STO RECOVERY CYCLE TOTAL VISUAL OBSERVATION OF PRODUCED OIL
NO. NO. SATURATION (Etl) (Err) (Mscf/bbl)
BELOW BUBBLE POINT
61
62
53
54
59
60
1
2
1
2
1
2
14
0
10
0
0
0
.132 .213 5.74 H20 slug, C02, oil, 2- brown
oil slugs and H20, H20 & gas.
.077 .124 9.79 7.23 H20 slug, C02, 2- gas & HzO,
black oil slugs, H20, H20 & gas.
.120 .181 5.55 H20 slug, C02, oil, 2- brown
oil slugs s H20, H20 and gas.
.061 .091 11.11 7.41 H20 slug, C02, 2- gas & H20,
black oil slugs, H20 & gas.
.075 .117 9.51 H20 slug, C02, 2- black oil
slugs & gas then HzO, H20 & gas.
.086 .134 8.32 8.87 H20 slug, C02, 2- black oil
slugs & gas then H20, H20 and gas.
ABOVE BUBBLE POINT
51
52
57
58
1
2
1
2
0
0
0
0
.069 .107 9.47
.061 .094 10.69 10.04
.063 .102 11.45
.058 .058 12.37 11.91
H20 slug, C02, 2- black oil 
slugs and gas, H20 & gas.
H20 slug, C02, 2- dark oil 
slugs and gas, H20 and gas.
H20 slug, C02, 2- black oil 
slugs and gas, HzO & gas.
HzO slug, C02, 2- black oil 
slugs and gas, H20 & gas.
a. Pure C02 used for all runs.
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oil and gas production. Oil productions ended when water 
breakthrough occured and gas production tapered off. The 
waterflood residual oil recovery was 10.7%, or 6.9% of the 
original-oil-in-place(OOIP), with a C02 utilization of 9.47 
Mscf/bbl (Table 5.2).
A second cycle, Run No. 52, was performed at the same 
conditions after completing the previous run. A soak of 11 
hours was allowed at the end of C02 injection. The production 
profile (Figure 5.2) is similar to that of the first cycle. 
Production of oil after the initial water slug is delayed 
longer than in Run No. 51 even though gas production had 
begun. Typically the slug size of the injected gas is such 
that it contacts and alters waterflood residual oil that is 
closer to the injection end. This indicates that the residual 
oil at the end of the first puff is further away from the core 
inlet, and has to migrate a greater distance to the inlet 
after being mobilized by the second cycle. Hence, the delay 
in oil production. A waterflood residual oil recovery of 9.4% 
or 6.1% of the OOIP was obtained, with a C02 utilization of 
10.69 Mscf/bbl. The combined C02 utilization for both cycles 
was 10.04 Mscf/bbl (Table 5.2). First cycle performance is 
only slightly better than that of the second cycle.
Run No. 53 was done below the bubble point at 2100 psig. 
The core was waterflooded to a near-residual oil saturation 
of 39.3% above bubble point. After core pressure was dropped 
below bubble point, 2.5 g-mole of C02 was injected which had
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a fractional pore volume of 0.215 (Table 5.1). A material 
balance estimated a gas saturation of 10% in the core. An 
initial water slug was produced, followed by gas, then by oil 
production which ended at water breakthrough (Figure 5.3). 
The waterflood residual oil recovery was 18.1%, or 12.0% of 
the 00IP, with a C02 utilization of 5.55 Mscf/bbl (Table 5.2).
Run No. 54 was a second cycle performed after Run No. 53 
at the same conditions (Table 5.1). The production profile 
(Figure 5.4) shows a delayed production of oil following the 
initial slug of water. Oil production ended when water broke 
through. The cumulative gas produced is higher than in Run 
No. 53. The C02 slug size injected was the same as in Run 
No. 53, however, there is less residual oil for it to contact 
due to oil mobilization and production that occurred during 
the first cycle. Also the oil is further away from the inlet 
during the second cycle. Consequently, more gas is produced 
during the puff. The waterflood residual oil recovery was 
9.1%, or 6.1% of the 00IP, with a C02 utilization of 11.11 
Mscf/bbl. The combined C02 utilization for both cycles was 
7.41 Mscf/bbl (Table 5.2). Unlike in the corefloods above the 
bubble point (Runs No. 51 and 52), there is a marked 
difference between first and second cycle performance below 
the bubble point.
Run No. 57 was done above the bubble point with all 
conditions the same as in Run No. 51, except that the pressure 
was 3600 psig instead of 3300 psig. The core was waterflooded
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to a near-residual oil saturation of 35.4%. The fractional 
pore volume of the C02 slug was 0.167 (Table 5.1). The 
initial water slug of 14 cc was followed by gas production 
then two-phase oil and gas production (Figure 5.5). Water 
breakthrough ended oil production, and gas production tapered 
off (Table 5.2).
A second cycle was performed, Run No. 58, following the 
first cycle. Oil production was delayed, as in Run No. 52, 
only after substantial gas, and even some water production. 
The water production ceased during oil production, but broke 
through again to end oil production (Figure 5.6). Waterflood 
residual oil recovery was 9.3%, or 5.8% of the 00IP, with a 
C02 utilization of 12.37 Mscf/bbl (Table 5.2). The combined 
C02 utilizations for both cycles was 11.91 Mscf/bbl (Table
5.2).
Compared to Run Nos. 51 and 52, also above the bubble 
point, there is a slight decrease in recovery efficiency and 
increase in C02 utilization at the higher run pressure of 3600 
psig. Also, first cycle performance is only slightly better 
than that for the second cycle (Run Nos. 57 and 58 res­
pectively ).
Run No. 59 was done below the bubble point at 2600 psig, 
after the core was waterflooded to a near-residual oil 
saturation of 36.6% above the bubble point (Table 5.1). The 
fractional pore volume of the 2.5 g-moles of C02 injected was 
0.189. An initial 10 cc slug of water was followed by gas
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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production, then later by oil production which ended when 
water broke through, even as gas production tapered off 
(Figure 5.7). Waterflood residual oil recovery was 11.7%, or
7.5 of the OOIP, with a C02 utilization of 9.51 Mscf/bbl 
(Table 5.2).
A second cycle, Run No. 60, was done after the completion 
of the first cycle under the same conditions (Table 5.1). Gas 
and some water production followed the initial slug of water, 
and preceded oil production which ended when water production 
began (Figure 5.8). Waterflood residual oil recovery was 
13.4%, or 8.6% of the OOIP, with a C02 utilization of 8.32 
Mscf/bbl. The combined C02 utilizations for both cycles was 
8.87 Mscf/bbl (Table 5.2). This anomalous behavior, in that 
the performance of the second cycle is better than that of the 
first cycle, can be explained. While recombining the live 
oil, a 93 mole % pure CH4 gas was inadvertently used instead 
of 99.97% CH4 which was used for all the other corefloods. 
The less pure CH4 had 7 mole % C2-C4. As a result an estimated 
gas saturation of 5% was not obtained even though run 
conditions are below the bubble point. Thus the results 
obtained are similar to that when the core is above bubble 
point (Runs 51, 52, 57, and 58) and there is no initial gas 
saturation.
Run No. 61 was also done below the bubble point at a 
pressure of 1900 psig, after the core was waterflooded to a 
near-residual oil saturation of 33.8% above the bubble point.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
Ll I
O
LL
u
i
o
li_
c
to
I
o
00
A
LL.
Oo
CD
CM
Cl
O
(0
CM
O
•3-
CM
oo
CM
o
cc
o
CM
O
05
o
't
o o o o o o o o o o o o o o o o o o o
C O N C D i f i M - I O O J t - O O C O N C D i n M - r O N t -
Noiionaoyd 3Aiivmwno
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
VO
LU
ME
 
IN
JE
CT
ED
 
(c
c)
. 
TIM
E 
(m
in
) 
Fi
gu
re
 
5.
7 
Pr
od
uc
ti
on
 
pr
of
il
e 
of
 
Ru
n 
No
. 
59
C0
2 
H'
n'
P 
: 
CY
CL
E 
2
= 
26
00
 
PS
IG
 
: 
T 
= 
13
0 
F 
: 
SO
AK
 
= 
11
54
u
I
- M
_ O
0_
_ O
o o o o o o o o o o o o o o o o
NOiiDnaoyd 3Aiivinwno
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
VO
LU
ME
 
IN
JE
CT
ED
 
(o
c)
. 
TIM
E 
(m
in
) 
Fi
gu
re
 
5.
8 
Pr
od
uc
ti
on
 
pr
of
il
e 
of
 
Ru
n 
No
. 
60
55
The fractional pore volume of the 2.5 g-moles of C02 injected 
is 0.247. A gas saturation of 14% is estimated in the 
core prior to C02 injection (Table 5.1). An initial 14 cc 
slug of water was followed by gas production, then oil 
production which ended when water broke through (Figure 5.9). 
Waterflood residual oil recovery was 21.3%, or 13.2% of OOIP, 
with a C02 utilization of 5.76 Mscf/bbl (Table 5.2).
A second cycle, Run No. 62, was done after completion of 
the first cycle, under the same conditions (Table 5.1). As 
in other second cycle performance, oil production lagged 
compared to the first cycle. Increased water production 
finally ended oil production (Figure 5.10). The waterflood 
residual oil recovery was 12.4%, or 7.7% of the OOIP, with a 
C02 utilization of 9.79 Mscf/bbl. The combined C02 utilization 
for both cycles was 7.23 Mscf/bbl (Table 5.2). As in Run Nos. 
53 and 54, there is a significantly higher recovery efficiency 
in the first cycle as opposed to the second cycle.
Figure 5.11 shows waterflood residual oil recovery 
versus run pressure for both cycles of C02 injection. Also 
plotted is the reservoir volume of the C02 slug as a function 
of run pressure.
All of the curves in Figure 5.11 rise with decreasing run 
pressure; however, the first-cycle recovery curve shows a 
sharp inflection below the bubble point compared to the 
second-cycle recovery curve. Besides providing an initial 
reservoir gas saturation, lowering run pressure expanded the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reservoir volume occupied by the constant mass of C02 
injected. Lowering run pressure also shifted run conditions 
from miscible towards near-miscible. Both of these 
additional consequences of decreasing pressure should improve 
cyclic C02 oil recovery; however, they do not explain why the 
sharp rise in oil recovery below the bubble point vanishes for 
the second cycle. Recalling that the laboratory procedure is 
to completely water out the first cycle prior to injecting a 
second slug of C02, it can be inferred that initial reservoir 
gas was negligible in second cycles. It follows that the 
coreflood results support the hypothesis that a well 
distributed initial gas saturation is a favorable factor and 
improves process performance.
5.1.2 Impure CO? Inj ection
Twelve corefloods (6 dual cycle) were performed with 
Timbalier Bay STO varying the ratio of the C02 to methane. A 
constant mass gas slug of 0.302 g-mole was injected at a 
pressure of 1640 psia to ensure that the gas injected was a 
single, liquid phase. The pressure was decreased to 500 psig 
over 7 hours to avoid thermal shock to the core. An 
additional 10 hours was allowed for the soak period. For the 
second cycle the same mass gas slug was injected at 1640 psia. 
However, the core pressure this time was approximately 500 
psig from the first cycle, thus it required little pressure 
adjustment, and a soak of 10 hours allowed before it was
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TABLE 5.3
CONDITIONS OF CYCLIC C02 COREFLOODS TO EXAMINE IMPURE C02 EFFECTS*
WATERFLOOD
INITIAL RESIDUAL WATERFLOOD
RUN PERM OIL OIL RECOVERY GAS SLUG SIZE CYCLE
NO. (md) (Sol) (SorJ (Eri) TYPE (g-mol) (scf) (V„p,9 NO.
65 318 .696 .412 .408 C02/C! .302 .253 .244 1
66 318 .696 .412 .408 0/100 .302 .253 .244 2
71 258 .695 .414 .404 C02/Cj .302 .253 .234 1
72 258 .695 .414 .404 25/75 .302 .253 .234 2
67 318 .703 .407 .421 co2/c2 .302 .253 .227 1
68 318 .703 .407 .421 45/55 .302 .253 .227 2
69 297 .699 .402 .425 C02/C! .302 .253 .219 1
70 297 .699 .402 .425 65/35 .302 .253 .219 2
73 209 .693 .409 .410 C02/Cj .302 .253 .213 1
74 209 .693 .409 .410 80/20 .302 .253 .213 2
75 322 .672 .400 .405 C02/Cj .302 .253 .207 1
76 322 .672 .400 .405 100/0 .302 .253 .207 2
a. Rate of gas injection and water influx 60 cc/hr.
b. Gas injected at 1640 psia, then core press adjusted to 500 psig.
c. Soak time of 17 s 10 hrs. for 1st and 2nd cycles respectively.
d. Run conditions are immiscible.
e. Temperature of core is constant at room temperature.
f. Core pressure is 500 psig.
g. Fraction of core pore volume occupied by gas slug during soak neglecting mixing.
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TABLE 5.4
RESULTS OF CYLIC C02 COREFLOODS TO EXAMINE IMPURE C02 EFFECTS
RUN
NO.
CYCLE
NO.
GAS
TYPE
STO RECOVERY 
(Eri) <Err)
C02 UTILIZATION 
CYCLE TOTAL 
(Mscf/bbl)
GAS UTILIZATION 
CYCLE TOTAL 
(Mscf/bbl)
VISUAL OBSERVATION OF PRODUCED 
OIL
65
66
1
2
C02/C!
0/100
COj/Ci
0/100
.019
.108
.032
.182
N/A
N/A N/A
4.03
0.67 1.15
H20 slug, 2-0 H20 & gas, with 
oil slugs in mainly clear fluid 
H20 slug, 2-0 H20 & gas, with 
oil slugs in mainly clear fluid
71
72
1
2
C02/C!
25/75
C02/C!
25/75
.026
.081
.043
.135
0.67
0.22 0.34
2.68
0.88 1.36
H20 slug, 2-0 H20 & gas, with 
oil slugs in mainly clear fluid 
H20 slug, 2-0 H20 & gas, with 
oil slugs in mainly clear fluid
67
68
1
2
C02/C!
45/55
COj/Cj
45/55
.013
.078
.022
.135
2.59
0.40 0.69
5.76
0.88 1.53
H20 slug, gas, small slugs of 
oil, w/in clear fluid, clear 
fluid
H20 slug, gas & water, slugs 
of oil w/in clear fluid, clear 
fluid
69
70
1
2
C02/C!
65/35
C02/Ci
65/35
.020
.066
.035
.114
2.37
0.71 1.09
3.65
1.09 1.68
H20 slug, gas, small slugs of 
oil, clear fluid of H20 & gas 
H20 slug, gas & H20, slugs of 
oil w/in clear fluid, clear 
fluid
73
74
1
2
C02/C1
80/20
C02/Ci
80/20
.009
.032
.015
.054
6.44
1.34 2.22
8.05
1.68 2.78
H20 slug, gas, small slugs of 
oil, clear fluid of HzO & gas 
H20 slug, gas & H20, slugs of 
oil w/in clear fluid, clear 
fluid
75
76
1
2
COj/C,
100/0
C02/C!
100/0
.031
.025
.053
.043
2.37
2.87 2.59
2.37
2.87 2.50
H20 slug, small oil slugs and 
gas, gas & H20
H20 slug, small oil slugs and 
gas, gas & H20
iT Run conditions were immiscible except during 1st run cycle slug injection, 
b. Fraction of core pore volume occupied by gas slug during soak neglecting mixing.
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isobarically produced. Tables 5.3 and 5.4 contain a summary 
of run conditions and results.
Run No. 65 was performed using pure methane gas after the 
core was waterflooded to a near-residual oil saturation of 
41.2%. The 0.302 g-mol CH4 slug had a fractional pore volume 
of 0.244 (Table 5.3). Figure 5.12 is an illustration of the 
production profile during the puff. An initial slug of water 
is followed by simultaneous gas and water production. Slugs 
of oil began to be produced 45 minutes into the puff and 
continued for up to 4 hours before ceasing. Only water and 
some gas were produced from the core after that. Waterflood 
residual oil recovery is 3.2%, or 1.9% of the 00IP, with a gas 
utilization of 4.03 Mscf/bbl (Table 5.4).
A second cycle, Run No. 66 was done at the same 
conditions after the completion of the first cycle (Table
5.3). Production of water and gas is slow initially and 
becomes significant after an hour into the puff. Small oil 
slugs are also observed at this time (Figure 5.13). This run, 
unlike typical second cycles, did not produce oil continuously 
before stopping due to water breakthrough. Instead, there 
were periods of only water and gas production interspersed by 
oil production which continued for 6 hours into the puff. The 
waterflood residual oil recovery was 18.2%, or 10.8% of the 
00IP, with a gas utilization of 0.67 Mscf/bbl. The combined 
gas utilization for both cycles was 1.15 Mscf/bbl (Table 5.4).
Run No. 67 was done using a C02/CH4 gas mixture which was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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67
45 mol% C02, after the core was waterflooded to a near­
residual oil saturation of 40.7%. The 0.302 g-mol gas slug 
had a pore volume fraction of 0.227 (Table 5.3). Oil 
production was low and ceased in 1 hour, water and gas 
production continued (Figure 5.14). The waterflood residual 
oil recovery was 2.2%, or 1.3% of the 00IP, with a C02 
utilization of 2.59 Mscf/bbl and gas utilization of 5.76 
Mscf/bbl (Table 5.4).
Run No. 68 was a second cycle done after the completion 
of the first cycle under the same conditions. Oil production 
followed initial water and gas production. Both oil and gas 
production were higher than for the first cycle (Figure 5.15). 
Waterflood residual oil recovery was 13.5%, or 7.8% of the 
00IP, with a C02 utilization of 0.40 Mscf/bbl and gas 
utilization of 0.88 Mscf/bbl. The combined C02 and gas 
utilizations for both cycles were 0.69 Mscf/bbl and 1.53 
Mscf/bbl respectively (Table 5.4).
Run No. 69 was done using a C02/CH4 gas mixture which was 
65 mol % C02, after the core was waterflooded to a near­
residual oil saturation of 40.2%. The 0.302 g-mol gas slug 
had a fractional pore volume of 0.219 (Table 5.3). Water and 
gas production preceded oil production which was completed in 
under 2 hours (Figure 5.16). The waterflood residual oil 
recovery was 3.5%, or 2.0% of the 00IP, with a C02 utilization 
of 2.37 Mscf/bbl and gas utilization of 3.65 Mscf/bbl (Table
5.4).
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A second cycle, Run No. 70, was done at the same 
conditions after completing the first cycle (Table 5.3). 
Production of all three fluids commenced after an hour. This 
delay was due to repressurization of the core after a pressure 
regulator failure during the initial stages of the puff. 
Water and gas preceded oil production (Figure 5.17). Oil 
production was more than in the first cycle (Figure 5.16). 
Waterflood residual oil recovery was 11.4%, or 6.6% of the 
OOIP, with a C02 utilization of 0.71 Mscf/bbl and gas 
utilizations of 1.09 Mscf/bbl. Combined C02 and gas 
utilizations for both cycles were 1.09 and 1.68 Mscf/bbl 
respectively (Table 5.4).
Run No. 71 was done using a C02/CH4 gas mixture which was 
25 mol % C02, after the core waterflooded to a near-residual 
oil saturation of 41.4%. The 0.302 g-mol gas slug had a 
fractional pore volume of 0.234 (Table 5.3). Water and gas 
production preceded oil production and continued after no more 
oil was produced (Figure 5.18). Waterflood residual oil 
recovery was 4.3%, or 2.6% of the OOIP, with a C02 utilization 
of 0.67 Mscf/bbl and gas utilization of 2.68 Mscf/bbl (Table
5.4).
A second cycle, Run No. 72 was done following the 
completion of the first cycle, under the same condition as the 
first cycle (Table 5.3). As in the other second cycles, 
production of fluids was delayed and commenced only after an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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hour into the puff (Figure 5.19). Water and gas preceded oil 
production. The amount of oil produced was greater than in 
the first cycle. Waterflood residual oil recovery was 13.5% 
or 8.1% of the OOIP, with a C02 utilization of 0.22 Mscf/bbl 
and gas utilization of 0.38 Mscf/bbl. The combined C02 and 
gas utilizations for both cycles were 0.34 and 1.36 Mscf/bbl 
respectively (Table 5.4).
Run No. 73 was done using a C02/CH4 gas mixture which was 
80 mol % C02, after the core was waterflooded. to a near­
residual oil saturation of 40.9%. The 0.302 g-mol gas slug 
had a fractional pore volume of 0.213 (Table 5.3). Water and 
gas production preceded oil which was minimal (Figure 5.20). 
Water residual oil recovery was 1.5%, or 0.9% of the OOIP, 
with a C02 utilization of 6.44 Mscf/bbl and gas utilization of
8.05 Mscf/bbl (Table 5.4).
A second cycle, Run No. 74, was done after the completion 
of the first cycle, under the same conditions (Table 5.3). 
There was a delayed production response after the puff began. 
Gas and water preceded continuous oil production which ended 
when water broke through (Figure 5.21). Oil recovery is 
higher than in the first cycle. Water residual oil recovery 
was 5.4%, or 3.2% of the OOIP, with a C02 utilization of 1.34 
Mscf/bbl and gas utilization of 1.68 Mscf/bbl. The combined 
C02 and gas utilizations for both cycles were 2.22 Mscf/bbl 
and 2.78 Mscf/bbl (Table 5.4).
Run No. 75 was done using pure C02 gas after the core was
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waterflooded to a near-residual oil saturation of 40.0%. The
0.302 g-mol gas slug had a fractional pore volume of 0.207 
(Table 5.3). An initial slug of water was followed by gas and 
oil production. Water breakthrough ended water production 
(Figure 5.22). Waterflood residual oil recovery was 5.3%, or 
3.1% of the OOIP, with a C02 utilization of 2.37 Mscf/bbl 
(Table 5.4).
A second cycle, Run No. 76, was done after the completion 
of the first cycle under the same conditions (Table 5.3). 
After an initial water slug, a large volume of gas was 
produced, and then oil production which was less than that in 
the first cycle (Figure 5.23). Waterflood residual oil 
recovery was 4.3%, or 2.5% of the OOIP, with a C02 utilization 
of 2.87 Mscf/bbl. The combined C02 utilization for both 
cycles was 2.59 Mscf/bbl (Table 5.4).
Figure 5.24 shows waterflood residual oil recoveries (ERr) 
versus C02 content of the injected gas for both cycles. Also 
shown is the reservoir volume (VRp) of the constant mass gas 
slug which increased by approximately 20% as the slug 
composition changed from pure C02 to pure methane.
The results show that for a first cycle of gas injection, 
oil recovery is benefitted when the slug is enriched in C02 
despite the fact that the reservoir volume occupied by the 
slug is reduced. This more favorable response to C02 huff 'n' 
puff probably occurs because gas solution in oil and 
subsequent oil swelling are approximately twofold greater for
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C02 than methane at the soak conditions. The results also 
show that for a second cycle of gas injection, oil recovery 
is significantly enhanced by the methane content of the C02 
increases. This improvement is attributed to the initial 
reservoir gas effect. The laboratory procedure of watering 
out the first cycle prior to injecting a second gas slug was 
followed; however, methane solubility in oil and brine at 500 
psig is low, and it seems likely that a residual gas 
saturation remained. Dead oil was employed in these 
corefloods, so there was no opportunity for an initial 
reservoir gas effect to improve first cycle response. 
Laboratory results thus indicate that the use of an impure 
source of C02 is advantageous provided that a gas saturation 
initially exists in the reservoir.
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CHAPTER 6
RESULTS AND DISCUSSION OF NUMERICAL SIMULATION
6.1 Introduction
After the compositional model was calibrated, it was used 
to investigate the effect of key parameters on the C02 huff 
' n' puff process. These parameters are soak duration, 
remaining oil saturation, C02 slug size and C02 injection rate.
6.2 Calibration of Model
The model was calibrated by matching the production 
performance of a coreflood that used a live oil with a GOR of 
400 SCF/STB. Run conditions were 3600 psig and 130°F, and a 
soak time of 11 hours was allowed. The match was accomplished 
by modifying relative permeability curves for Berea sandstone 
obtained from literature (Oak et al., 1988). A typical 
simulation dataset is documented in Appendix C.
The core had a residual oil saturation of 0.367. The 
initial and final oil-water and oil-gas relative permeability 
curves used are shown in Figure 6.1. The final curves with 
a irreducible water saturation of 0.1 indicate that the core
81
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may have become oil-wet after the introduction of C02. 
Laboratory studies are being performed to investigate if the 
wettability of Berea sandstone is altered by contact with oil 
and C02. Three-phase relative permeability curves for oil are 
calculated by the simulator using Stone’s Method (1966). An 
option for gas relative permeability hysteresis is used when 
there is a reversal in flow from the huff to the puff 
direction. This is done by using a gas trapping 
characteristic which is defined by Carlson (1981) as a 
function of the maximum non-wetting phase saturation and the 
residual non-wetting phase saturation (Appendix D). C02 is
the non-wetting phase in the core. Also available is an 
option by which a completely different set of relative 
permeability curves can be assigned to each direction. This 
pseudo-hysteresis can be applied for each of the fluids, oil, 
gas and water, in the core. This was attempted in the initial 
stages of calibration; however a successful history match was 
not obtained. This may be because of the large number (eight) 
of relative permeability curves that needed to be 
simultaneously modified for any given simulation run (four 
curves each in the huff and puff directions). This option was 
abandoned in favor of the gas hysteresis option mentioned 
above resulting in successful calibration of the model. The 
oil-water capillary pressure curve used is shown in Figure 
6.2. This curve controls fluid saturation changes in the core 
during the soak period. Without this option, no interactions
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take place In the core during the soak.
Figure 6.3 compares coreflood and simulation results. 
Cumulative oil, gas and water production is plotted as a 
function of time during the puff stage of the process. The 
model predicts accurately cumulative oil, gas and water 
production for the puff. The profile for gas production also 
matches reasonably well. The simulator predicts oil being 
produced simultaneously with water and ceasing when the water 
cut rapidly goes to one at 150 mins. However, in the coreflood 
water production was not continuous through the puff. All 
further simulations were done at the above conditions which 
are miscible. Additional coreflood versus simulation profiles 
are shown in Appendix F.
6.3 Parameters Investigated
6.3.1 Soak Time
An optimum soak duration is the time over which there is 
no significant change in the incremental oil produced. 
Laboratory and field results indicate that a soak period is 
necessary to maximize incremental oil recovery from the C02 
huff 'n' puff process. However it is not possible to 
determine the optimum soak duration because of the dramatic 
nonuniformity and parameter variation between corefloods and 
field tests.
Seven numerical simulation runs were performed to
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investigate the effect of soak time on the process. Soak 
times of 0, 3, 6, 10, 11, 15, and 17 hours were simulated and 
the core puffed until a water cut of one was reached. Figure
6.4 shows cumulative oil and gas produced versus soak time. 
As soak time increases, cumulative oil produced increases up 
to the optimum value of soak time beyond which there is no 
additional recovery improvement.
By the end of the huff, C02 has reached gridblock 8, 
thus contacting 40% of the pore space. As the soak time 
increases, the C02 interacts with the oil and migrates further 
out into the core by capillary flow. After a certain time 
these interactions cease and the C02 no longer contacts 
additional oil in the reservoir. Figure 6.5 shows the 
farthest gridblock reached by the C02 versus soak time. It 
indicates that 15 hours is the optimum soak for the system 
being modelled. This is also confirmed from Figure 6.4 
because there is no change in cumulative oil and gas produced 
after 15 hours. Also, the cumulative gas produced decreases 
until it becomes constant at 15 hours. When the soak time is 
less than the optimum, C02 saturation near the injection well 
is higher because not enough time has been allowed for the C02 
to migrate further away (Figure 6.6). Thus, during the puff 
a higher cumulative gas production for decreasing soak time 
is observed.
The above obtained optimum soak time of 15 hours is 
system dependent and not universal. However this investigation
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confirms that there is an optimum soak time for the huff 'n' 
puff process. This finding should be taken into account while 
planning field tests.
6.3.2 Remaining Oil Saturation
For most reservoirs, an enhanced oil recovery option is 
applied before an economic limit is reached. In many cases, 
this limit is a watered-out reservoir.
Six numerical simulations were performed . to examine 
the effect of remaining oil saturation on the C02 huff 'n'
puff process. One was done at a waterflood residual oil
saturation of 0.367 and the others at higher and different
values of remaining oil saturation. As the remaining oil
saturation increases, the moveable oil saturation also 
increases in the core. Figure 6.7 shows the percentage of 
remaining oil recovered versus remaining oil saturation. As 
the remaining oil saturation increases the oil recovery 
efficiency decreases. This is because the C02 pushes moveable 
oil away from the wellbore and reduces the efficiency of the 
process. A closer perusal of the curve indicates two 
distinctive regimes. There is a higher recovery efficiency 
at lower remaining oil saturations which is representative of 
water-drive reservoirs. Beyond the inflection in the curve 
are obtained much lower recoveries for higher remaining oil 
saturations. This is representative of depletion-drive 
reservoirs. This finding supports field test screening
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criteria that favor waterdrive reservoirs for the application 
of this process. Figure 6.8 which shows the oil recovered per 
core pore space versus the remaining oil saturation indicates 
that there is no appreciable change in oil recovered. Thus 
the amount of oil recovered is constant even though recovery 
efficiency decreases as remaining oil saturation increases.
6.3.3 CO, Slug Size
A field test database study (Thomas, 1989) indicated that 
incremental recovery is proportional to the slug size of C02 
injected. However, it is not known if there is an optimum 
slug size. Three simulations with C02 slug sizes of 1.25 g- 
moles (0.1042 SCF), 2.5 g-moles (0.2083 SCF), 3.75 g-moles 
(0.3125 SCF), and 5.00 g-moles (0.4167 SCF) respectively were 
performed to examine the effect of this variation on the 
process. Figure 6.9 shows cumulative oil and gas versus C02 
slug size. As the slug size increases, the oil recovery 
increases. However, beyond a certain slug size there is no 
improvement in the recovery. This is because the larger 
amount of C02 pushes oil further away from the wellbore during 
the huff. Also, even though more oil is contacted, it is 
contacted at a greater distance from the injection well. 
Figure 6.10 shows the farthest gridblock reached by C02 versus 
slug size at the end of the huff and soak, respectively. For
0.4167 SCF of C02 injected, C02 reaches gridblock 20 by the end 
of the soak and displaces oil into gridblocks 21, 22, 23 and
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24 which represents the transfer vessel preloaded with brine. 
Thus during the puff, this oil is not recovered and stays out 
of the core. So, even though a larger slug size is used, oil 
recovery is not increased. For this system, an optimum slug 
size is 0.3125 SCF of C02 which corresponds to 25% of the pore 
space in the core assuming no mixing.
This finding can be extrapolated to field tests. The 
maximum C02 slug size that after mixing does not cross the 
known boundary of the reservoir or that part of the reservoir 
which contains target oil may be defined as an optimum slug 
size.
6.3.4 CO, Injection Rate
The effect of C02 injection rate on the process was 
investigated.
Four simulations were done with injection rates of 20, 
40, 60, and 120 cc/hr respectively. Figure 6.11 shows
cumulative oil and gas production versus C02 injection rate. 
There is a slight decrease in oil recovery as injection rate 
increases. As injection rate increases, there is a small 
decline in oil saturations in gridblock 1 at the end of the 
soak period (Figure 6.12). This may be the cause of the 
decrease in oil recovery. Gas production (Figure 6.11) does 
not change appreciably because at the end of the soak period, 
C02 has migrated to gridblock 13 in each case except for the 
run with 120 cc/hr (gridblock 12), and the gas saturation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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profile is similar irrespective of the injection rate (Figure
6.13). Since the difference in recovery between injection 
rates of 20 and 120 cc/hr is only 0.38 % of the core pore 
space, and no physical explanation can be gleaned from 
saturation profiles of oil, gas and water at the end of the 
soak period, it is not possible to draw a final conclusion 
about the effect of injection rate on the process.
However, additional efforts to further investigate this 
effect are currently underway in the form of laboratory 
corefloods.
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS
7.1 Conclusions
This research has combined physical and numerical 
simulation to investigate the C02 huff 'n puff process for 
enhanced recovery of light oil. The following main 
conclusions are drawn.
7.1.1 Physical Simulation
1. Results of laboratory corefloods indicate that the 
presence of an initial gas saturation is beneficial 
to performance. This is because the C02 has a gas 
flow path that allows it to travel further into the 
core thereby contacting and altering more oil. Thus 
reservoirs with gas saturations are potential 
candidates for the application of this process.
2. Laboratory corefloods also indicate that use of an 
impure source of C02 improves recovery provided that 
a gas saturation exists in the reservoir. This is 
due to the favorable effect of an initial gas 
saturation that has been discussed above. Thus
102
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used, resulting In enhancement of process economics.
7.1.2 Numerical Simulation
1. Results of numerical simulation indicate that there 
is an optimum soak time beyond which there is no 
additional incremental oil recovery. This time is 
required for the C02 to complete its interaction 
with the oil contacted in the reservoir.
2. For the huff 'n' puff process a higher remaining 
oil saturation representative of depletion-drive 
reservoirs is not beneficial to recovery efficiency. 
Water-drive reservoirs characterized by low 
remaining oil saturations are more suited to better 
recovery efficiencies. However there is no 
significant change in the amount of oil recovered.
3. There is an optimum C02 slug size that must be used 
to maximize recovery. A slug size larger than the 
optimum tends only to push oil further away from the 
wellbore thus preventing its recovery during the 
puff.
4. Even though numerical simulation indicates that 
higher injection rates decreases oil recovery 
slightly, additional investigation is needed to 
fully understand this effect.
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7.2 Recommendations
1. This method of combining physical and numerical 
simulation can be used to investigate the 
performance of full-scale field tests. An extensive 
database of field test results are available which 
can be used to calibrate a model. This model can 
then be used to predict results of potential fields 
tests and thereby reduce some of the uncertainties 
associated with the C02 huff 'n' puff process.
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RUN # 51
PRESS : 3300 PSIG 
TEMP : 130 DEG F 
C02 INJECTED : 2.49 G-MOL 
CYCLE :1s: SOAK : 10 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp 
(cc)
Np
(cc)
Gp
(scf*100)
5.0 0.0 0.0 0.0
10.0 10.0 0.0 0.0
15.0 10.0 0.0 0.0
20.0 15.0 0.0 0. 1
25.0 15.0 0.0 2.4
30. 0 15.0 2.0 12.9
35. 0 15.0 2.0 17.6
40.0 16.0 2.0 23.8
45.0 16.0 2.0 31.8
50. 0 17.0 2.0 37.6
55. 0 17.0 2. 0 44.5
60. 0 17.0 2.0 52.0
65.0 17.0 2.0 58.6
70.0 17.0 3. 0 66.5
75.0 17.0 3.0 74.0
SO.O 17.0 3. 0 77.3
85.0 17.0 5.0 81.9
90.0 17.0 7.0 84.1
95.0 17.0 11.0 92.4
100. 0 17.0 12.0 92.5
105.0 17.0 12.0 95.6
110.0 17.0 13. 0 101. 1
115.0 17.0 16.0 103.5
120. 0 17.0 18.0 104.3
125.0 17.0 23.0 105.2
130.0 17.0 27.0 105.7
135. 0 17.0 29.0 107.4
140.0 17.0 33. 0 107.9
145.0 20.0 .>5.0 108.4
150.0 26.0 35.0 109.0
155.0 30. 0 35.0 110.0
160.0 35.0 35. 0 110.8
165.0 37.0 35. 0 111.0
170.0 40. 0 35.0 111.5
175.0 47.0 35.0 112.3
180.0 55. 0 35. 0 112.4
185.0 62.0 35. 0 113.4
190.0 69.0 35.0 114. 1
195.0 77.0 35. 0 114.5
200. 0 82.0 35.0 114.9
205. 0 89.0 35.0 115.3
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RUN # 52
PRESS 3300 PSIG
TEMP s 130 DEG F
C02 INJECTED * 2.49 G-MOL
CYCLE : 2 :: SOAK : 11 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Up
fee)
Np
(cc)
Gp
(scf*100)
5.0 4.0 0.0 0. 1
10.0 7.0 0.0 0.3
15.0 12.0 0.0 0.8
20.0 13.0 0.0 1.0
25.0 13.0 2.0 5.7
30.0 13.0 3.0 10.3
35. 0 13.0 3. 0 15.0
40.0 13. 0 3.0 25.9
45.0 13.0 3.0 38.3
50. 0 13. 0 3.0 39.3
55.0 16.0 3. 0 44.4
60. 0 16.0 3.0 51.5
65.0 17.0 3.0 55. 0
70.0 17.0 3.0 65.4
75.0 17.0 3.0 73.1
BO. 0 17.0 4. 0 81.6
B5.0 17.0 4.0 89.8
90.0 18.0 4.0 94.7
95.0 20.0 4.0 97.6
100.0 20.0 4.0 100.4
105.0 20.0 4. 0 105. 1
110.0 20.0 5.0 109.6
115.0 20.0 5.0 113.4
120.0 20.0 7.0 116.2
125.0 20.0 10.0 120.5
130.0 20.0 12.0 123.3
135.0 20.0 13.0 125.6
140.0 20.0 14.0 129.1
145.0 20.0 15.0 131.2
150.0 20.0 16.0 132.5
155.0 20.0 20.0 133.9
160.0 21.0 24.0 134.0
165.0 23.0 27.0 135.5
170.0 26.0 29.0 136. 3
175.0 30.0 29.0 136.8
180.0 33.0 30.0 137. 3
185.0 37.0 30.0 138.0
190.0 42.0 30. 0 138.5
195.0 50.0 31.0 139.0
200.0 59.0 31.0 139.8
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205.0 68.0 31.0 140.2
210.0 80.0 31.0 141.0
215.0 86.0 31.0 141.9
220.0 91.0 31.0 142.8
225.0 96.0 31.0 143.2
230.0 100.0 31.0 143.8
235.0 106.0 31.0 144.3
240.0 113.0 31.0 144.7
245.0 117.0 31.0 145.0
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I l l
RUN # 53
PRESS : 2100 PS1G 
TEMP s 130 DEG F 
C02 INJECTED : 2.42 G-MOL 
CYCLE s 1 :: SOAK s 10 HRS 
HUFF, PUFF RATE s 60 CC/HR
TIME
(min)
Up
(cc)
Np
(cc)
6p
(scf*100)
5.0 5.0 0.0 0. 0
10.0 6.0 0.0 0. 0
15.0 10.0 0.0 0.1
20.0 10.0 0. 0 1.0
25.0 10.0 0.0 6.4
30.0 10.0 0.0 14.0
35. 0 10.0 0. 0 20. 1
40. 0 10.0 0.0 23.4
45. 0 10.0 0. 0 28.7
50.0 10.0 0. 0 37.9
55.0 10.0 0.0 46.3
60.0 10.0 0.0 53.0
65.0 10.0 0.0 57.3
70.0 10.0 0. 0 58.0
75. 0 10. 0 3. 0 63.4
80.0 10.0 6.0 66. 1
85. 0 10.0 10.0 67.4
90.0 10. 0 13.0 72.3
95.0 10.0 16.0 75.1
100.0 10.0 19.0 78.0
105. 0 10.0 21.0 79.5
110.0 10.0 23.0 82.8
115.0 10.0 25.0 83.2
120. 0 10.0 27.0 85.1
125.0 10.0 28.0 87.6
130.0 10. 0 32.0 92.5
135.0 10.0 37.0 98.0
140. 0 10. 0 40.0 100.3
145.0 10. 0 43.0 106.5
150.0 10.0 45.0 109.0
155.0 10. 0 48.0 110.6
160.0 10.0 50. 0 112.6
165.0 10.0 52.0 113.3
170.0 10.0 55.0 114.7
175.0 12.0 58.0 115.2
180.0 17.0 58. 0 116.2
185.0 22.0 58.0 117.8
190.0 27.0 58.0 118.2
195.0 31.0 58.0 119.3
200.0 35. 0 58.0 119.7
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205.0 40.0 58.0 120. 1
210.0 44.0 5B.0 122.8
215.0 50.0 58.0 123. 3
220.0 56.0 58. 0 124.0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
113
RUN # 54
PRESS s 2100 PSIG 
TEMP : 130 DEG F 
C02 INJECTED : 2.42 G-MOL 
CYCLE : 2 :: SOAK : 11 HRS 
HUFF, PUFF RATE s 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(sc-f *100)
5.0 5. 0 0.0 1.8
10.0 11.0 2.0 5.8
15.0 11.0 2.0 6.4
20.0 11.0 3.0 7.2
25.0 11.0 3.0 7.8
30. 0 12.0 3. 0 16.4
35.0 13.0 3.0 29.9
40.0 14.0 3.0 36. 8
45.0 14.0 3.0 42.9
50. 0 14.0 3. 0 49.0
55.0 14.0 3. 0 54.0
60. 0 14.0 3. 0 59.6
65.0 15.0 3.0 67.4
70. 0 15.0 3.0 76.4
75. 0 15.0 3.0 Bl. 1
80.0 15.0 3.0 84.0
85.0 15.0 3.0 88. 0
90. 0 15.0 3. 0 91.4
95.0 16.0 3.0 100.7
100. 0 16. 0 3.0 103.2
105. 0 16.0 3. 0 112.9
110. 0 20. 0 3.0 114.8
115.0 23.0 3.0 117.9
120.0 31.0 3. 0 119.3
125.0 33. 0 3. 0 121.8
130.0 37.0 3. 0 124. 1
135.0 40.0 3.0 127.2
140.0 43.0 3. 0 128.2
145.0 45.0 3. 0 128.9
150.0 45.0 4.0 131.0
155.0 50. 0 5.0 131.7
160.0 50.0 6.0 133. 6
165.0 50.0 7.0 135.0
170.0 50.0 10.0 135.7
175.0 50.0 13. 0 140. 1
180.0 50.0 16. 0 142.0
185.0 50.0 19.0 143.4
190.0 50.0 22.0 144.5
195.0 55.0 24.0 144.9
200.0 59.0 26.0 145.6
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205.0 61.0 28.0 146
210.0 63.0 29.0 147
215.0 66. 0 29.0 148
220.0 71.0 29.0 149
225.0 76.0 29.0 149
230. 0 81.0 29.0 150
235.0 84.0 29.0 151
240.0 89.0 29.0 153
245.0 94.0 29.0 153
250.0 99.0 29.0 153
255.0 104.0 29.0 154
260.0 107.0 29.0 155
265.0 113.0 29.0 156
270.0 116.0 29.0 156
6
6
0
9
7
4
O
5
9
8
3
8
8
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RUN # 57
PRESS : 3600 PSIG 
TEMP : 130 DEG F 
C02 INJECTED : 2.50 G-MOL 
CYCLE : 1 :: SOAK : 10 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Bp
(scf*100)
5.0 0.0 0.0 0.0
10.0 0.0 0.0 0.0
15.0 3. 0 0.0 0.0
20.0 5.0 0.0 0.0
25.0 10.0 0.0 0. 1
30.0 14.0 0. 0 3.5
35. 0 14.0 0.0 12.9
40.0 14.0 0.0 18.5
45.0 14.0 0.0 26.9
50.0 14.0 0.0 ■^w1. 1
55.0 14.0 0.0 40.2
60.0 14.0 0.0 47.6
65. 0 14.0 0. 0 55.5
70.0 14.0 0.0 60.2
75.0 14.0 0.0 68.6
SO. 0 14.0 4.0 72.5
85. 0 14.0 6.0 77.3
90.0 14.0 8.0 81.0
95.0 14.0 10.0 85.4
100.0 14.0 13.0 89.3
105.0 14.0 16.0 93.0
110.0 14.0 20.0 96.9
115.0 14.0 24.0 100.6
120.0 15.0 27.0 103.4
125.0 16.0 29.0 104. 0
130.0 19.0 29.0 104.3
135.0 24.0 29.0 104.8
140.0 29.0 29.0 105.3
145.0 33.0 29.0 105.9
150.0 37.0 29.0 106.6
155.0 42.0 29.0 107.2
160.0 48.0 29.0 107.6
165.0 53.0 29.0 109.0
170.0 56.0 29.0 109.4
175.0 60.0 29.0 109.9
180.0 65.0 29.0 110.3
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RUN # 58
PRESS s 3600 PSIG 
TEMP : 130 DEG F 
C02 INJECTED ! 2.50 G-MOL 
CYCLE : 2 :: SOAK : 11 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(scf*100)
5.0 0.0 0.0 0.0
10.0 1.0 0.0 0.0
15.0 4.0 0.0 0.0
20.0 8.0 0.0 0.0
25.0 10.0 0.0 0.0
30. 0 11.0 2.0 2.6
35.0 12.0 2.0 7.6
40.0 12.0 2.0 13. 1
45.0 12.0 2.0 19.0
50. 0 12.0 2.0 25. 1
55. 0 12.0 2.0 35.0
60.0 12.0 2.0 40.9
65.0 12.0 2. 0 48.0
70.0 12.0 2.0 53.7
75.0 12.0 2.0 61.2
80.0 12.0 2.0 68.2
85.0 12.0 2.0 75.3
90.0 14.0 2.0 80.2
95.0 16. 0 3. 0 83.0
100. 0 19.0 3.0 85. 1
105.0 21.0 3. 0 88.2
110.0 22.0 3.0 90.0
115.0 25.0 4.0 94.0
120.0 26.0 4.0 98.7
125.0 28.0 4.0 101.2
130. 0 30. 0 4.0 106. 1
135. 0 30. 0 6. 0 110.5
140.0 30. 0 8.0 114.1
145.0 30. 0 10.0 118.2
150.0 30.0 13.0 120.2
155.0 30. 0 16.0 125. 1
160.0 30. 0 18.0 128.5
165.0 30. 0 20.0 131.9
170.0 30. 0 23.0 133.0
175.0 32.0 25.0 135.5
180.0 37.0 27.0 137.2
185.0 42.0 27.0 137.9
190.0 47.0 27.0 139.2
195.0 52.0 27.0 139.8
200. 0 57.0 27.0 140.2
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205.0 62.0 27.0 140.6
210.0 66.0 27.0 141.5
215.0 71.0 27.0 141.9
220.0 75.0 27.0 142.5
225.0 80.0 27.0 142.9
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RUN # 59
PRESS : 2600 PSIG 
TEMP : 130 F
CQ2 INJECTED : 2.50 G-MOL 
CYCLE : 1 :: SOAK : 10 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
UJp
(cc)
Np
(cc)
Gp
(sc-f *100)
5.0 2.0 0.0 0.0
10.0 8.0 0.0 0.0
15.0 14.0 0.0 0.0
20.0 14.0 0.0 5.5
25.0 14.0 0.0 9.2
30.0 14.0 1.0 16.0
35.0 14.0 1.0 23.2
40.0 14.0 1.0 28.5
45.0 14. 0 1.0 38. 0
50.0 14.0 1.0 44.5
55. 0 15.0 1.0 52.0
60. 0 15.0 1.0 61.4
65.0 16.0 1.0 67.3
70.0 16.0 2.0 73.6
75.0 16.0 8.0 80. 0
80.0 16.0 10.0 85.0
85.0 16.0 12.0 88.2
90.0 16.0 14.0 93.2
95.0 16.0 16.0 95.4
100.0 16.0 19.0 98.2
105.0 16.0 22.0 102.0
110.0 16.0 23.0 102.3
115.0 16.0 25.0 103.8
120.0 16.0 29.0 107.5
125.0 16.0 34. 0 108.5
130.0 20.0 35.0 110.0
135.0 25.0 35.0 110.9
140.0 29.0 35.0 111.7
145.0 33.0 35. 0 112.9
150.0 39.0 35.0 114.0
155.0 43.0 35.0 115. 1
160.0 47.0 35. 0 115.7
165.0 48.0 35.0 115.8
170.0 55.0 35.0 116.4
175.0 59.0 35. 0 116.9
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RUN # 60
PRESS : 2600 PSIG 
TEMP : 130 DEG F 
C02 INJECTED : 2.50 G-MQL 
CYCLE : 2 :: SOAK : 11 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(scf*100)
5.0 2.0 0.0 0.0
10.0 5.0 0.0 0.0
15.0 9.0 0.0 0.2
20.0 10.0 0.0 4.9
25.0 12.0 0.0 12.2
30.0 12.0 0.0 19.2
35.0 12.0 0. 0 26. 1
40.0 12.0 0.0 33.6
45.0 12.0 0. 0 41.4
50. 0 12.0 0.0 49.5
55.0 12.0 0. 0 57.8
60.0 12.0 0.0 65.9
65.0 12.0 0. 0 74.0
70. 0 15.0 1.0 77.5
75.0 18.0 2.0 80.0
80. 0 20.0 2.0 84.2
85.0 23.0 2.0 87.2
90.0 25.0 2.0 92.0
95.0 27.0 2.0 96. 1
100. 0 27.0 3.0 99.2
105. 0 27.0 5.0 105.0
110. 0 27.0 8.0 106.2
115.0 27.0 10.0 108. 0
120.0 27.0 13.0 117.0
125.0 29.0 13.0 120.0
130.0 31.0 15.0 125. 1
135.0 31.0 17.0 129.2
140.0 31.0 21.0 133. 1
145.0 31.0 23.0 135. 0
150. 0 31.0 25.0 138. 1
155.0 31.0 28. 0 142.7
160. 0 31.0 31.0 145.8
165.0 31.0 34.0 150.5
170.0 31.0 38. 0 154. 7
175.0 31.0 40.0 156.7
180.0 36.0 40.0 157.5
185.0 41.0 40. 0 158.4
190.0 46. 0 40.0 159.3
195.0 51.0 40.0 160. 1
200. 0 56.0 40.0 161.3
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W 
M 
W
205.0 
10.0
15.0
20.0
225.0
61.0 40.0 162.3
65.0 40.0 163.2
68.0 40.0 163.6
73.0 40.0 164.0
77.0 40.0 164.7
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RUN # 6 1
PRESS : 1900 PSIB 
TEMP s 130 DEB F 
C02 INJECTED : 2.50 G-MOL 
CYCLE si:: SOAK : 10 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
a 
u 
3 
u Np(cc)
Gp
(scf*100)
5.0 0.0 0.0 0. 0
10.0 2.0 0.0 0.0
15.0 9.0 0.0 0.0
20.0 9.0 0.0 0.0
25.0 11.0 0.0 0.0
30. 0 12.0 1.0 1.0
35.0 12.0 1.0 7.9
40.0 13.0 1.0 9. B
45.0 13.0 1.0 17.0
50.0 13.0 1.0 21.5
55.0 13.0 1.0 26.8
60.0 13.0 1.0 33.6
65. 0 14.0 1.0 43.4
70.0 14.0 1.0 47.8
75.0 14.0 3.0 50.7
80.0 14.0 4.0 58. 0
85.0 14.0 4. 0 59.5
90.0 15.0 5.0 61.8
95.0 15.0 9.0 65.6
100.0 15.0 12.0 67.2
105.0 15.0 15.0 71.5
110.0 15.0 20.0 76.0
115.0 15.0 22.0 77.0
120.0 15.0 25.0 81.5
125.0 15.0 30.0 83.5
130.0 15.0 33.0 86.4
135.0 15.0 36.0 88.9
140.0 15.0 39.0 91. 1
145.0 15.0 42.0 91.4
150.0 15.0 45.0 95.7
155.0 15.0 47.0 97.8
160.0 15.0 50.0 99.0
165.0 20.0 55.0 101.6
170.0 20.0 58.0 102.5
175.0 22.0 58.0 104.2
180.0 26.0 58. 0 105.1
185.0 32.0 58.0 106.6
190.0 36.0 58.0 107.6
195.0 38.0 58.0 108.2
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RUN # 62
PRESS ; 1900 PSIS 
TEMP : 130 DES F 
C02 INJECTED : 2.50 G-MOL 
CYCLE : 2 :: SOAK s 11 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
<min>
Wp
(cc)
Np
(cc)
Gp
(scf*100)
5.0 0.0 0.0 0.5
10.0 10.0 0.0 1.3
15.0 14.0 0.0 7.0
20.0 15.0 0.0 7.2
25.0 15.0 0.0 22.6
30. 0 15.0 0.0 27.0
35.0 15.0 0.0 37.0
40.0 15.0 0.0 45.5
45.0 16. 0 0.0 52.6
50.0 16. 0 0.0 60.5
55.0 16. 0 0.0 69.0
60. 0 16. 0 0.0 70.0
65.0 17.0 0.0 77.7
70.0 17.0 0.0 78.5
75.0 17. 0 0.0 84.1
80. 0 18.0 0.0 85. 1
85.0 18.0 0.0 98. 1
90.0 18.0 0. 0 98.6
95.0 18.0 0. 0 100.5
100.0 18.0 0.0 105.5
105.0 18.0 0. 0 116.2
110.0 18.0 0. 0 117.2
115.0 18.0 0. 0 125.0
120.0 21.0 0.0 127.8
125.0 21.0 0.0 129.8
130.0 25.0 0.0 132.5
135.0 25.0 5.0 135.9
140.0 29.0 5.0 139.2
145.0 29.0 5.0 139.2
150.0 30.0 5.0 144.5
155.0 30.0 7.0 145.9
160.0 30.0 9.0 147.6
165.0 30.0 11.0 148.5
170.0 33.0 12.0 149.4
175.0 33.0 14.0 151.2
180.0 33.0 17.0 152.8
185.0 35.0 22.0 154.6
190.0 39.0 23.0 156.7
195.0 40. 0 25.0 158.0
200.0 42.0 27.0 159.0
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205.0 43. 0 30.0 160
210.0 4B.0 30.0 161
215.0 50.0 30.0 162
220.0 55.0 30.0 163
225.0 58.0 32.0 165
230.0 60. 0 34.0 165
235.0 67.0 34. 0 166
240.0 74.0 34.0 166
245.0 80.0 34. 0 168
250.0 87.0 34.0 168
255.0 93.0 34. 0 169
260.0 96.0 34.0 170
265.0 101.0 34.0 170
0
0
O
3
O
2
1
9
0
a
6
l
5
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RUN # 65
PRESS : 500 PSIG
TEMP : 78 DEG F
C02/CH4 : 0/100
GAS INJECTED : 0.302 G-MOL
CYCLE : 1 :: SOAK : 17 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
a 
u 
3 
u
l
Np
(cc)
Gp 
(cc/10)
5.0 3. 0 0.0 0.0
10.0 3.0 0.0 0.0
15.0 5.0 0.0 0.5
20.0 5.0 0. 0 0.5
25.0 5.0 0.0 0.5
30.0 13.0 0. 0 0.5
35.0 14.0 0.0 1.3
40.0 17.0 0.0 1.7
45.0 25.0 0.0 2.8
50.0 25.0 2. 0 8.3
55.0 26.0 2.0 21.9
60.0 26.0 2.0 27.0
65. 0 26.0 3.0 38.5
70.0 29.0 3.0 41.6
75.0 31.0 3. 0 44.8
80. 0 31.0 3.0 44.8
85. 0 40.0 4. 0 46.0
90.0 43.0 4.0 46.7
95.0 46.0 4.0 48.2
100. 0 50. 0 4.0 49.9
105.0 54.0 4.0 50.0
110. 0 60. 0 5.0 53.7
115.0 63.0 7.0 55.5
120. 0 66.0 8. 0 58.7
125.0 66.0 9.0 59. 1
130.0 75.0 9.0 63.0
135. 0 77.0 9.0 64.0
140.0 80.0 10.0 64.8
145.0 85. 0 10. 0 66. 1
150.0 85.0 15.0 70.5
155. 0 90.0 17.0 73.2
160.0 95.0 18.0 75. 1
165.0 99.0 18.0 77. 1
170.0 105.0 19.0 79.5
175.0 108.0 20.0 81. 1
180.0 114.0 20.0 83.4
185.0 118.0 20.0 84.8
190.0 123.0 20. 0 86.5
195.0 128.0 20.0 87.9
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200.0 144.0 20.0 90.2
205.0 149.0 20.0 91.5
210.0 150.0 20.0 92.2
215.0 153.0 21.0 93.2
220.0 155.0 22.0 94.3
225.0 157.0 23.0 96.0
230.0 160.0 23.0 97. 1
235.0 164.0 23.0 98.5
240.0 169.0 23.0 100.0
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RUN # 66
PRESS : 500 PSIS
TEMP : 78 DEG F
C02/CH4 : 0/100
GAS INJECTED s 0.302 G-MQL
CYCLE : 2 s :  SOAK : 10 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(cc/10)
5.0 0.0 0.0 0.0
10.0 1.0 0.0 0.4
15.0 1.0 0.0 0.4
20.0 1.0 0.0 0.4
25.0 1.0 0. 0 0.4
30.0 1.0 0.0 0.4
35.0 1.0 0.0 0.4
40. 0 2.0 0.0 0.8
45. 0 2.0 0.0 0. 8
50.0 3. 0 0.0 1.1
55. 0 4.0 0.0 1.1
60.0 5.0 0. 0 1.1
65. 0 5. 0 0.0 1.6
70.0 5. 0 1.0 1.9
75.0 6. 0 1.0 2.5
80.0 11.0 1.0 3.2
85.0 12.0 1.0 3. 2
90. 0 12.0 1.0 3.2
95.0 15.0 2.0 4.6
100. 0 15.0 2.0 Ov) . 1
105.0 15.0 3.0 S-*vJ ■ J
110.0 15.0 3.0 "Ter tr •m'«J • vJ
115.0 15.0 3.0 74.3
120. 0 15.0 3. 0 74.3
125.0 16.0 3. 0 79.2
130. 0 16.0 3.0 87.2
135.0 16.0 5.0 88.9
140.0 19.0 7.0 94.0
145.0 20.0 10.0 99.8
150. 0 20. 0 12.0 106.8
155.0 20.0 15.0 113.2
160.0 20.0 2CL..CL 120.9
165.0 20.0 20.0 122.0
170.0 25.0 22.0 129.8
175.0 30.0 25.0 137. 1
180.0 33.0 26.0 144.3
185.0 40.0 30. 0 156.5
190.0 40.0 32.0 161.8
195.0 40.0 35.0 168.0
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200.0 45.0 35. 0 169.2
205.0 48.0 37.0 172.3
210.0 48.0 39.0 172.7
215.0 54.0 40.0 178.4
220. 0 55.0 40.0 179.2
225.0 60.0 41.0 182.2
230.0 64. 0 42.0 183.8
235.0 68.0 45.0 188.0
240.0 75.0 45.0 189.5
245.0 80.0 45.0 192.3
250.0 82.0 45.0 193.9
255.0 95.0 45.0 197.9
260.0 100.0 45.0 198.5
265.0 105.0 45.0 199.6
270.0 110.0 45.0 202.8
275.0 111.0 45.0 204.2
280.0 111.0 50.0 206.3
285.0 118.0 50.0 208.2
290.0 122.0 50.0 209.3
295.0 129.0 50.0 211.7
300.0 130.0 55. 0 214.0
305. 0 135.0 55.0 216.2
310. 0 145.0 55. 0 219.5
315.0 148.0 55.0 220.7
320.0 159.0 55.0 222,9
325.0 161.0 55.0 223.8
330.0 165.0 55.0 224.7
335.0 169.0 55. 0 227.0
340.0 170.0 60. 0 229.0
345.0 181.0 60. 0 231.7
350.0 184.0 60.0 232.3
355.0 187.0 60.0 233.5
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RUN # 67
PRESS s 500 PSIS 
TEMP : 130 DEG F 
C02/CH4 : 45/55 
GAS INJECTED s 0.302 G-MOL 
CYCLE s i : :  SOAK s 17 HRS 
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(cc/10>
5.0 7.0 0.0 0.0
10.0 10.0 0.0 1.4
15.0 11.0 0.0 1.4
20.0 12.0 0.0 1.5
25.0 14.0 0.0 1.7
30. 0 19.0 1.0 2.4
35. 0 25.0 3.0 24.6
40.0 25.0 5.0 27.6
45. 0 29.0 5.0 31.0
50. 0 32.0 6.0 34 . 0
55. 0 36.0 7.0 39.9
60. 0 40.0 7.0 43.9
65. 0 45. 0 7.0 48.4
70.0 50.0 7.0 52.0
75.0 54.0 7.0 55. 2
80.0 59.0 7.0 58.7
85. 0 64.0 7.0 62.9
90.0 69.0 7.0 67.7
95.0 74.0 7.0 71.8
100.0 79.0 7.0 74.8
105.0 84.0 7.0 78.6
110.0 89.0 7.0 82.4
115.0 94.0 7.0 85.6
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RUN # 68
PRESS : 500 PSIG
TEMP : 78 DEG F
C02/CH4 : 45/55
GAS INJECTED : 0.302 G-MOL
CYCLE : 2 :: SOAK : 10 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME Wp Np Gp
<min) (cc) (cc) (cc/10)
5.0 0. 0
10.0 0.0
15.0 0.0
20. 0 0. 0
25. 0 0. 0
30. 0 0. 0
35. 0 1.0
40. 0 1.0
45.0 1.0
50. 0 1.0
55.0 2.0
60.0 3. 0
65.0 5. 0
70.0 6.0
75.0 10.0
80.0 10.0
85.0 13.0
90.0 13.0
95.0 13. 0
100.0 13.0
105.0 15.0
110.0 15.0
115.0 15.0
120.0 17.0
125.0 18.0
130. 0 20.0
135.0 22.0
140.0 24.0
145.0 29.0
150.0 34.0
155.0 34.0
160.0 36.0
165.0 39.0
170.0 45.0
175.0 47.0
180.0 52.0
185.0 53.0
190.0 58.0
195.0 63.0
0. 0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0. 0 0.0
0.0 0. 0
0.0 0.9
0.0 1.9
0.0 3.2
0.0 4.4
0.0 5.8
0. 0 7.3
0.0 9.4
2.0 21.0
3.0 41.6
3.0 50.4
5.0 66.3
7.0 77.5
10. 0 88.2
13.0 101.8
15.0 112.8
18.0 123.0
21.0 132.8
21.0 138.0
21.0 149.2
26.0 156.6
27.0 162.8
29.0 172.0
31.0 185.7
35.0 207.7
37.0 213.8
38.0 225.0
38.0 230.0
41.0 235.0
42.0 241.8
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200.0 68.0 42.0 248
205.0 72.0 42.0 253
210.0 77.0 43.0 257
215.0 82.0 43.0 263
220.0 86.0 44.0 267
225.0 90.0 44.0 273
230.0 95.0 45.0 281
235. 0 98.0 45.0 283
240.0 103.0 45.0 290
245.0 108.0 45.0 295
250.0 111.0 45.0 300
255.0 116.0 45.0 303
6
8
8
4
8
8
2
8
4
4
4
2
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RUN # 69
PRESS s 500 PSIS
TEMP : 78 DEG F
C02/CH4 : 65/35
GAS INJECTED : 0.302 G-MQL
CYCLE : 1 ss SOAK : 17 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(cc/10)
5.0 0.0 0.0 0.0
10.0 3. 0 0.0 0.2
15.0 3.0 0.0 0.2
20.0 3.0 0.0 0.2
25.0 3.0 0.0 0.2
30.0 10.0 0.0 0.8
35.0 10.0 0.0 0.8
40.0 12.0 0.0 1.0
45.0 18.0 0.0 1.6
50.0 20.0 0.0 1.6
55.0 25.0 2.0 4.8
60.0 26.0 4.0 12.7
65.0 27.0 6.0 12.7
70.0 30.0 6.0 22.5
75.0 32.0 10.0 31.9
80.0 36.0 10.0 43.2
85.0 40.0 10.0 51.9
90.0 50.0 10.0 64.9
95.0 51.0 11.0 66.9
100.0 55.0 11.0 72.0
105.0 60.0 11.0 75.5
110.0 65.0 11.0 80.5
115.0 70.0 11.0 86.8
120.0 75.0 11.0 92.8
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RUN # 70
PRESS : 500 PSIG
TEMP s 130 DEG F
C02/CH4 : 65/35
GAS INJECTED : 0.302 G-MOL
CYCLE s 2 :: SOAK s 10 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Bp
(cc/10)
5.0 0.0 0.0 0.0
10.0 0.0 0.0 0.0
15.0 0.0 0.0 0.0
20.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0
30. 0 0.0 0.0 0.0
35.0 0.0 0.0 0.0
40.0 0.0 0.0 0.0
45.0 0.0 0. 0 0.0
50. 0 0. 0 0.0 0.0
55. 0 0.0 0.0 0. 0
60. 0 0. 0 0. 0 0. 0
65. 0 0.0 0.0 0.0
70.0 1.0 0. 0 1.2
75.0 1.0 0.0 2.2
80.0 3.0 0.0 4. 1
85. 0 5.0 0. 0 7.5
90.0 8.0 0.0 10.0
95.0 11.0 0. 0 12.4
100.0 11.0 1.0 16.4
105.0 11.0 5.0 23.0
110.0 11.0 5. 0 51.4
115.0 11.0 5. 0 52.0
120.0 12.0 6.0 64.4
125.0 13.0 10.0 80.9
130.0 14.0 12.0 91.6
135.0 15.0 14.0 104.6
140.0 15.0 17.0 121.3
145.0 17.0 20.0 132. 0
150.0 20.0 23. 0 146. 1
155.0 22.0 26.0 153.2
160.0 23.0 30. 0 166.0
165. 0 28.0 30. 0 169. 1
170.0 30.0 31.0 181. 0
175.0 30.0 35. 0 188.5
180.0 o*5.0 35.0 198.3
185.0 40.0 35.0 209.7
190.0 45.0 35.0 215.0
195.0 50.0 35. 0 222.0
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200. 0 
205. 0 
210. 0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
55. 0 
61.0
63.0
68.0 
73. 0
76.0
81.0 
86. 0
91.0
97.0 
103.0
36.0
36.0
37.0
37.0
37.0
37.0
37.0
37.0
37.0
37.0
37.0
230. 1
235.3
241.4
245.7 
253. 5 
259.0
263.8 
267.2
281.8
293.5
309.5
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RUN # 71
PRESS s 500 PSIG
TEMP : 78 DEG F
C02/CH4 : 25/75
GAS INJECTED : 0.302 G-MOL
CYCLE : 1 :: SOAK s 17 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp 
fee)
Np
(cc)
Gp
(cc/10)
5.0 4.0 0.0 0.6
10.0 6.0 0.0 0.6
15.0 9.0 0. 0 0.8
20. 0 10.0 0. 0 0.8
25.0 11.0 0. 0 1.2
30. 0 13. 0 0.0 1.3
35. 0 15.0 0. 0 1.6
40.0- 16. 0 1.0 1.9
45.0 22.0 3. 0 3. 0
50. 0 23.0 5.0 13.8
55.0 29.0 5.0 16.4
60. 0 33. 0 5.0 19.0
65. 0 40. 0 5. 0 22.0
70.0 45.0 5.0 24.4
75.0 48.0 6.0 26.9
80. 0 52.0 6. 0 30. 0
85.0 55.0 6.0 T O  O•a'di. 1 rL
90.0 60. 0 6.0 34. 6
95.0 66. 0 6. 0 38.0
100.0 70. 0 6. 0 40.5
105.0 74.0 6.0 41.6
110.0 78.0 6. 0 44.8
115.0 80.0 6.0 46.6
120. 0 83.0 8.0 49.4
125.0 87.0 8.0 56.7
130. 0 92.0 13. 0 60.8
135.0 95.0 14.0 63. 0
140.0 99,0 14.0 66.2
145.0 102.0 15.0 68.9
150.0 107. 0 15.0 72.0
155.0 111.0 15.0 75.7
160.0 117.0 15.0 78. 1
165.0 123. 0 15.0 87.3
170.0 125.0 15.0 87.8
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RUN # 72
PRESS : 500 F'SIG
TEMP : 78 DEG F
C02/CH4 : 25/75
GAS INJECTED : 0.302 G-MOL
CYCLE : 2 :: SOAK s 10 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME 
(mi n)
Wp
(cc)
Np 
(cc)
Gp 
(cc/10)
5.0 0.0 0.0 0. 0
10.0 0.0 0.0 0.0
15.0 0. 0 0.0 0.0
20.0 0.0 0.0 0.0
25.0 0.0 0.0 0. 0
30.0 0.0 0.0 0. 0
35. 0 0. 0 0.0 0.0
40.0 0. 0 0. 0 0. 0
45.0 0.0 0.0 0.0
50.0 0. 0 0.0 0. 0
55.0 0.0 0.0 0.0
60. 0 0. 0 0.0 0.0
65. 0 0.0 0. 0 0. 0
70.0 3.0 0.0 2.5
75.0 3.0 0.0 2.5
80. 0 5.0 1.0 4.5
85.0 7.0 1.0 5.3
90.0 9.0 1.0 5.3
95.0 11.0 1.0 5.8
100.0 13.0 1.0 7. B
105.0 1 . 0 3.0 30. 4
110.0 13.0 3.0 40.5
115.0 13.0 3.0 41.2
120. 0 13.0 3. 0 58.5
125.0 13.0 6.0 62.3
130. 0 15.0 7.0 66.8
135. 0 15.0 15.0 87.3
140. 0 15.0 16.0 93.5
145.0 15.0 20.0 99. 1
150.0 15.0 20.0 105.0
155.0 20.0 21.0 125.5
160. 0 25.0 21.0 131.5
165.0 28.0 21.0 135.4
170.0 33. 0 24.0 139.5
175.0 40.0 24.0 148.5
180.0 40.0 28.0 153. 1
185.0 40.0 32.0 157.4
190.0 43.0 35. 0 161.4
195.0 50.0 35.0 165.8
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200.0 50.0 40.0 171.1
205.0 50.0 45.0 176.0
210.0 57.0 45.0 180.9
215.0 62.0 45.0 1B5.7
220.0 66.0 45.0 187.5
225.0 70.0 45.0 191.0
230.0 75.0 45.0 194.1
235.0 80.0 45.0 199.0
240.0 86. 0 45.0 202.5
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RUN # 73
PRESS : 500 PSIG
TEMP : 78 DEG F
C02/CH4 s 80/20
GAS INJECTED : 0.302 G-MOL
CYCLE : 1 :: SOAK s 17 HRS
HUFF, PUFF RATE s 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Gp
(cc/10>
5.0 0.0 0.0 0.0
10.0 0.0 0.0 0.0
15.0 0.0 0.0 0.0
20. 0 4.0 0.0 0.2
25.0 6. 0 0.0 0.5
30.0 9.0 0.0 0. 8
35.0 14. 0 0. 0 1.1
40.0 17.0 0.0 1.4
45.0 25.0 1.0 2. 1
50.0 27.0 3.0 11.9
55.0 30.0 3.0 16.0
60. 0 35.0 4.0 27.5
65.0 45.0 4.0 36.7
70.0 48. 0 4.0 45. 0
75.0 52.0 4.0 52.9
80.0 57.0 5.0 62.0
85.0 62. 0 5.0 71.0
90.0 66.0 5.0 73. 3
95.0 71.0 5. 0 80. 6
100.0 75.0 5.0 86.6
105.0 80. 0 5.0 95.0
110.0 85.0 5.0 101.2
115.0 90.0 5.0 106.5
120.0 95.0 5.0 114. 1
125.0 100. 0 5.0 122.0
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RUN # 74
PRESS : 500 PSIG
TEMP : 78 DEG F
C02/CM4 : 80/20
GAS INJECTED : 0.302 G-MOL
CYCLE : 2 :: SOAK : 10 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME 
(mi n)
Wp
(cc)
Np
(cc)
Gp
(cc/10)
5.0 0. 0 0.0 0.0
10.0 0.0 0.0 0.0
15.0 0.0 0.0 0.0
20.0 0.0 0.0 0.0
25.0 0.0 0. 0 0. 0
30. 0 0. 0 0. 0 0.0
35.0 0.0 0.0 0.0
40. 0 0.0 0. 0 0. 0
45.0 5. 0 1.0 14.3
50.0 14.0 1.0 21.7
55.0 15.0 1.0 23.5
60. 0 15.0 2.0 60.8
65. 0 15.0 5.0 70.0
70. 0 15. 0 7.0 83.2
75.0 15. 0 10. 0 97.7
80.0 18.0 12.0 113.7
85.0 19.0 13.0 120. 1
90. 0 22.0 14.0 129.3
95.0 27.0 14.0 141.4
100.0 30. 0 15.0 148. 1
105.0 35. 0 15.0 163. 1
110.0 40. 0 15.0 169.2
115.0 44.0 16. 0 182.3
120. 0 48.0 17.0 189.9
125.0 53. 0 17.0 200. 1
130. 0 58. 0 17.0 211.6
135. 0 61.0 18.0 219. 1
140.0 64.0 18.0 225. 1
145.0 68. 0 18.0 233.0
150.0 73.0 18.0 240.3
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RUN # 75
PRESS : 500 PSIG
TEMP s 7B DEG F
C02/CH4 : 100/0
GAS INJECTED : 0.302 G-MOL
CYCLE : 1 :: SOAK : 17 HRS
HUFF, PUFF RATE s 60 CC/HR
TIME
(min)
Wp
(cc)
Np 
(cc)
Bp 
(cc/10)
5. 0 0.0 0.0 0.0
10.0 3. 0 0.0 0.0
15.0 10.0 0.0 0.6
20.0 15.0 0.0 1.1
25.0 19.0 0.0 1.6
30. 0 27.0 1.0 5.3
35. 0 27.0 3.0 28.7
40.0 29.0 5. 0 49.0
45.0 30. 0 7.0 62.2
50. 0 30. 0 10.0 72.5
55.0 . 0 12.0 80.4
60. 0 36. 0 15.0 106.8
65. 0 39. 0 16.0 111.2
70.0 43. 0 17.0 118.0
75.0 45.0 17.0 144.2
80.0 53. 0 17.0 155.0
85.0 61.0 17.0 172.0
90.0 63. 0 17.0 176.0
95.0 65.0 17.0 177.7
100.0 68.0 17.0 183.8
105.0 73.0 17.0 192.2
110.0 75.0 17.0 202* 2
115.0 88.0 17.0 238.8
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RUN # 76
PRESS : 500 PSIG
TEMP : 78 DEG F
C02/CH4 : 100/0
GAS INJECTED : 0.302 G-MOL
CYCLE : 2 :: SOAK s 10 HRS
HUFF, PUFF RATE : 60 CC/HR
TIME
(min)
Wp
(cc)
Np
(cc)
Bp 
(cc/10)
5.0 4.0 0.0 4.9
10.0 5.0 0.0 21.6
15.0 8.0 0.0 127.6
20.0 8.0 0.0 151.6
25.0 8.0 0.0 151.6
30. 0 8.0 0.0 192.6
35.0 8.0 0.0 194.7
40.0 8.0 0.0 194.7
45.0 9.0 0.0 nn-r jl 1^^.0 m O
50.0 9.0 0. 0 232.6
55.0 9.0 0.0 232.6
60. 0 9.0 0.0 232.6
65. 0 9.0 0. 0 232.6
70. 0 10.0 0.0 252.6
75.0 14.0 3.0 260.4
80.0 17.0 4.0 271.0
85. 0 19.0 5. 0 277.8
90.0 21.0 6.0 286.0
95.0 30. 0 7.0 309.2
100.0 32.0 8.0 1 O . *1'
105. 0 36.0 9.0 324.7
110.0 40.0 10.0 334.7
115.0 49.0 11.0 358.7
120.0 55. 0 12.0 372. 1
125.0 59.0 13.0 377.9
130.0 65.0 14.0 395.2
135.0 67.0 14. 0 396.7
140.0 73.0 14.0 410.0
145.0 76.0 14.0 413.6
150.0 78.0 14.0 430.0
155.0 87.0 14.0 442.8
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RUN # : 75/76
PRESS : 500 PSIG
TEMP : 78°F
C02/CH4 : 100/0
GAS INJECTED : 0.302 G-MOL 
HUFF,PUFF RATE : 60 CC/HR
OILFLOOD
STO pumped into the core = 639 cc
Oil produced = 94 cc
Oil left in Core — 639 -94
= 545 cc
Initial Oil Saturation s Soi = 545/811
= 0.672
WATERFLOOD
Water pumped into core = 350 cc
Water produced = 130 cc
Oil produced = 220 cc
Oil left in core SS 545 - 220
= 325 cc
Waterflood residual oil saturation
SBorwf = 325/811 
0.400
Fraction of 001P recovered from waterflood
(0.672 - 0.400)/0.672 
0.405
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H 'n' P : CYCLE 1 : Soak = 1 7  hrs
Oil produced = 17 cc
Oil left in core = 308 cc
SorC02„I = 308/811
0.379
Fraction of OOIP recovered = ERi
(0.400 -
0.031
Fraction of waterflood residual oil recovered
ERr
(0.400 - 0, 
0.053
H 'n* P ; CYCLE 2 : Soak = 10 hrs
Oil produced = 14 cc
Oil left in core = 294 cc
EorC02.II = 294/811
0.362
Fraction of OOIP recovered = ERi
(0.379 - 0. 
0.025
Fraction of waterflood residual oil recovered
ERr
(0.379 - 0. 
0.043
Fraction of cyclic C02 residual oil recovered
ERc
(0.379 - 0. 
0.045
0.379)/0.672 =
379)/0.400
362 )/0.672
362)/0.400
362)/0.379
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SAMPLE NUMERICAL SIMULATION DATA SET
144
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
145
C02 HUFF 'N' PUFF - LIVE OIL SYSTEM 
#0105 BRITISH UNITS 
#9000 78 10
#9310 .001 .8 500
#0111
#1000 8 (NO OF COMPONENTS) 1 (FOR PENG ROBINSON EQUATION OF STATE) 
#1005 TEMP 130 (DEG F)
CRITICAL PROPERTIES OF PSEUDO-COMPONENTS
#1025 ZCRIT .2742 .2875 .2947 .3246 .3394 .3941 .3579 .3400
#1010 COMPONENT MOL WT PC (PSIA) TC (DEG R) W (ACENTRIC FACTOR)
C02 44.01 1071.0 547.9 .2225
Cl 16.04 667.8 343.9 .0126
C6+ 100.12 441.8 1003.4 .2888
C9+ 132.86 382.1 1122.9 .4119
C12+ 181.38 318.4 1249.7 .5740
Cl 7+ 240.27 231.2 1382.4 .8000
C25+ 342.82 185.0 1558.7 1.1167
C37+ 464.00 178.1 1673.0 1.4993
#1015 BINARY INTERACTION COEFFICIENTS
C02 Cl C6+ C9+ C12+ C17+ C25+ C37+
C02 0 0.15 0.15 0.15 0.15 -0.0511 0.1877 0.2467
Cl 0.15 0 0 0 0 0.0523 0.0575 0.0640
C6+ 0.15 0 0 0 0 0 0 0
C9+ 0.15 0 0 0 0 0 0 0
C12+ 0.15 0 0 0 0 0 0 0
C17+ -0.0511. 0.0523 0 0 0 0 0 0
C25+ 0.18771 0.0575 0 0 0 0 0 0
C37+ 0.2467’ 0.0640 0 0 0 0 0 0
#1100 ROCK FVF COMPRESSIBILITY PRESS 1 1.21E-06 3615
#1200 WATER FVF COMPRESSIBILITY PRESS 1 3.2E-6 3615
#1220 WATER SURFACE DENSITY 
#1250 WATER VISCOSITY 
CAPILLARY FUNCTION DATA 
#13701
62.43 (LB PER FT3) 
1.000 (CP)
#13201
OIL:WATER CAP 1
CAP P SW
54 .10
46 .2
36 .35
5.0 .50
2.4 .65
1.5 .8
0 1
IN FUNCTION DATi
WATER REL PERM
REL PERM SW
0 .10
.09 .2
.25 .35
.37 .5
.50 .65
.75 .8
1.0 1.0
(OIL DISPLACING)
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#16701 OIL REL PERM (WATER DISPLACING)
REL PERM SO 
0 .364
.08 .5
.22 .65
.55 .8
1.0 .9 (ONE MINI'S SWC)
#17201 OIL REL PERM (GAS DISPLACING)
#18701
REL PERM SO
0. .364
.028 .5
.092 .65
.35 .8
1 .9
GAS REL PERM
REL PERM SG
0 .12
.13 .2
.24 .35
.48 .5
.69 .65
.90 .8
1 .9
(ONE MINUS SWC) 
(OIL DISPLACING)
(ONE MINUS SWC)
GRIDBLOCK DATA 
#2050 24 1 1
#2150 X-SIZE (CELL LENGTH)
#2260 Y-SIZE (CELL THICKNESS)
#2360 Z-SIZE (CELL HEIGHT)
#2400 POROSITY 
#2450 ABSOLUTE PERM IN X DIR
#2500 ABSOLUTE PERM IN V DIR
#2550 ABSOLUTE PERM IN Z DIR
#2800 TOP HEIGHT OF LAYER ONE
#2960 WATER SATURATION DISTRIBUTION 
#3060 DATUM PRESS DATUM HEIGHT 
#2970 INITIAL PRESS
24*. 3 
24*.1477 
24*.1477 
24*.22 
24*255 
24*5 
24*5 
24*0
20*.633 4*1.0
3615 (PSIA) 0 (FT) 
24*3615
#2980 INIT COMP OF LIVE OIL 24(0.0 .435 .12046 .13453 .11792..08917 
.02589 .07703)
#2900 PERM CURVE ALLOCATION RPKEY 24*1 
#2910 RPKEY PCOWI PCOGI 
1 1 0  
#2920 TYPE 3 (FOR THREE DIRECTIONS)
#2930 RPKEY RPWO RPOW RPOG RPGO 
PLUS X I  1 1 1 1
PLUS Y 0 0 0 0
PLUS Z 0 0 0 0
REL PERM HYSTERESIS : GAS TRAPPING CHARACTERISTIC 
#2940 RPKEY CRGO CRGW 
1 8  0
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T I M E  D A T A
#4010 INDICATES HOURS
#4050 STARTING TIME 
0
ENDING TIME 
16
START NO 
#4150 0 
#4151 2 
#4152 13 
TIME STEP CONTROL
OF INTERVALS 
2 
11 
30
INTERVAL LENGTH STOP
1.0 2 (HUFF)
1.0 13 (SOAK) 
.1 16 (PUFF)
#4300 TS INI MULT MIN MAX .001 2 .000000001 .1
#4350 MAX CHANGES : 
OUTPUT CONTROL
PRESS SW SO SG COMP 300 .1 .5 .5 .02
#5000 TIME (#5200) LEASE (#5400) (#5600)
0 1 1 1 1
1.0 0 0 1 0
2.0 0 0 1 1
3.0 0 0 1 0
4.0 0 0 1 0
5.0 0 0 1 0
6.0 0 0 1 0
7.0 0 0 1 0
8.0 0 0 1 0
9.0 0 0 1 0
10.0 0 0 1 0
11.0 0 0 1 0
12.0 0 0 1 0
13.0 0 0 1 1
13.1 0 0 1 0
13.2 0 0 1 0
13.3 0 0 1 0
13.4 0 0 1 0
13.5 0 0 1 0
13.6 0 0 1 0
13.7 0 0 1 0
13.8 0 0 1 0
13.9 0 0 1 0
14.0 0 0 1 1
14.1 0 0 1 0
14.2 0 0 1 0
14.3 0 0 1 0
14.4 0 0 1 0
14.5 0 0 1 1
14.6 0 0 1 0
14.7 0 0 1 0
14.8 0 0 1 0
14.9 0 0 1 0
15.0 0 0 1 1
15.1 0 0 1 0
15.2 0 0 1 0
15.3 0 0 1 0
15.4 0 0 1 0
15.5 0 0 1 1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
148
15.6 0 0 1 0
15.7 0 0 1 0
15.8 0 0 1 0
15.9 0 0 1 0
16.0 0 0 1 1
#5100 O i l 1
#5140 1 1
#5160 OUTPUT PERFORATION PROPERTIES 0 - NO
OUTPUT WELL HISTORIES 1 ■ BY
#5170 OUTPUT SEPARATOR CONDITIONS 0 = NO
#5200 1 0
#5400 O i l 0
#5600 1 0  0 1 1 1 0 0 1
#5630 GROUP OUTPUT
#5640 3 1 1 2 2 3 8
WELL
WELL DATA 
#6050 3 2
#6085
#6200 PRODUCERS 
WELL NAME PRODUCER 
OWP 1
HP 2
PP 3
#6300 INJECTORS 
WELL NAME INJECTOR
REF DEPTH 
0 
0 
0
REF DEPTH
HI 1 0
PI 2 0
#6415 PRODUCER PERFORATION ALLOCATION
WELL PERF KX KY KZ CONN PERFKEY RW KH SKIN
1 1 20 1 1 -999 1 .01 2338 0
2 1 24 1 1 -999 1 .01 2338 0
3 1 1 1 1  -999 1 .01 2338 0
#6405 INJECTOR PERFORATION ALLOCATION
WELL PERF KX KY KZ CONN PERFKEY RW KH SKIN
1 1 1 1 1  -999 1 .01 2338 0
2 1 24 1 1 -999 1 .01 2338 0
#6430 RPKEY RPWO RPOW RPOG RPGO 
1 1 1 1 1  
1 1 1 1 1
#6600 PRODUCER FLOW RATES STB MSCF BBLS (PER
WELL TIME MODE PRESS Q OIL Q GAS Q WATER
1 0 0.0 3615 0 0 0
2 0 1.1 3615 0 0 0
2 2 0.0 3615 0 0 0
3 0 0.0 3615 0 0 0
3 13 1.1 3615 0 0 0
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#6800 INJECTOR FLOW RATES STB MSCF BBLS (PER
WELL TIME MODE PRESS Q OIL Q GAS Q WATER
1 0 0.0 3840 0 .025 0
1 2 0.0 3840 0 0 0
2 0 0.0 3840 0 0 0
2 13 0.0 3840 0 0 .009
#6810 COMPOSITION OF THE GAS
WELL TIME COMP
1 0 1.0 0 0 0 0 0 0 0
#6240 WELL STATION 
1 1 
2 1 
3 1
#7050 1 SEPARATOR HISTORY
#7200 SEPARATOR STATION NUMBER OILDEST GASDEST
1 1 999 999
#7205 IK « 3 ISL - 0
#7210 SEPARATOR TIME PRESS 
1 0 14.7
TEMP
78
#0999 END OF DATA SET
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GAS RELATIVE PERMEABILITY 
HYSTERESIS CALCULATION
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Relative Permeability Hysteresis Method
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Relative permeability hysteresis to the nonwetting phase is 
treated using the method outlined by Carlson which essentially 
relates the drainage curve and the imbibition curve using a 
minimum of one point on the imbibition curve and Land’s 
relationship between the historical maximum and final trapped 
value of the nonwetting phase saturations (SIMCO Manual).
The relationship between the historical maximum nonwetting 
phase saturation, the residual nonwetting saturation after 
imbibition and the trapping characteristic, C, is
C=[l./Snwr - l./Snwm]
Snwr = ultimate trapped nonwetting phase saturation
Snwm = maximum historical nonwetting phase saturation
In general, the function value of the imbibition curve at any 
nonwetting phase saturation SS is determined by calculating 
an equivalent nonwetting phase saturation SEQ which will give 
the required function value from the drainage curve as follows
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SEQ = 0.5*[SN+(SN*(SN+4./C))**0.5]............... (1)
SN = SS-SGTR..................................... (2)
SGTR = SMX/( 1. +C*SMX)..............................(3)
= residual nonwetting phase saturation (imbibition)
SMX = maximum historical nonwetting phase saturation
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DESCRIPTION OF SIMCO FEATURES
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INTRODUCTION
SIMCO offers a three phase, three dimensional, multicomponent 
simulation capability. The program has been designed to run 
efficiently on vector computers without affecting its ability 
to work well on scalar machines. The simulator has an in­
built memory management scheme that allows a large number of 
grid blocks to be handled (SIMCO Manual, 1988).
FEATURES
Grids : Simulation grids may be based upon either rectangular 
or radial geometry, or can be defined by corner points to 
allow full flexibility on faulting.
Rock Properties : Values for porosity, permeability etc. can 
be allocated to each grid block. it is also possible to 
adjust the values of individual connections between blocks.
Black Oil : Standard PVT functions defining formation volume 
factors, gas-oil ratio, and viscosities may be entered when 
this representation is sufficient for the simulation required.
Multi-component PVT : Phase equilibrium and fluid property 
calculations use a general EOS with an option to modify the
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fluid density calculation. The user has a choice of four 
different equations of state. Viscosities are obtained using 
the Lohrenz et al. correlation and surface tension is 
calculated with user defined variables.
Tabular K-values : Tables of equilibrium constants may be 
entered and used instead of the time-consuming iterative 
calculation based upon equality of fugacities. The tables may 
define K-values as a function of pressure only, or pressure 
and a composition variable.
Tracer Option : The movement of fluids within the reservoir 
may be followed using tracer components. Use of such 
components does not add appreciably to the cost of simulation.
Solution Choice : A number of linear solvers are available in 
SIMCO, offering a choice of both direct and iterative methods. 
All solvers treat well pressures implicitly. Two direct 
solution routines treat one dimensional and multi-directional 
cases respectively. Two of the iterative routines use a 
variant of the line over-relaxation technique, but include 
residual constraints and variable acceleration parameters. 
They differ in the treatment of the implicit well terms, one 
using successive updating and the other simultaneous updating 
with a trade-off of improved convergence rate against 
additional work per iteration. These solvers also contain
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special options for improving convergence in difficult 
problems. Both methods perform very efficiently on vector 
computers. Two further iterative solvers using the recently 
developed nested factorization method are also available. 
Again these differ in the treatment of the well terms. On 
scalar computers these solvers are generally comparable in 
performance to the other iterative routines but the optimal 
choice is problem dependent. The choice of appropriate solver 
is normally automatic, but can be user defined.
Relative Permeability : Multiple sets of relative permeability 
curves may be used to control multiphase flow between grid 
blocks and into wells. Separate sets of curves may be 
allocated to different flow directions with upto six 
directions being considered. Curves may be defined in terms 
of a simple formula or be tabulated. Only those saturation 
functions which relate to mobile phases need to be entered, 
allowing much reduced input for simple cases. The effect of 
hysteresis on relative permeability may be simulated for gas 
flow.
Compositional Effects : Relative permeability and capillary 
curves are automatically modified to take account of effects 
in the critical, super-critical, and transition regions where 
residual saturations may disappear due to vaporization and 
solution.
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Initial Conditions : Pressures, compositions, and water
saturation may be specified at each individual grid point. 
Alternatively the distribution of fluids and pressure may be 
calculated using the assumption of capillary equilibrium, when 
given datum pressure, and oil-water and gas-oil contacts, if 
present. Bubble point may be specified either as a variation 
with depth or by gridpoint, provided a unique relationship 
between composition and bubble point is also defined.
Multiple Reservoirs : The simulation grid may be arbitrarily 
subdivided into a sequence of individual reservoirs with each 
reservoir having its own datum pressure and fluid contacts.
Wells and Perforations : Wells may have perforations in any 
sequence of blocks, and connections between well bore and grid 
block may be specified directly or calculated automatically 
using rock properties and skin factor. The connection between 
wellbore and grid block may be varied with time. An 
appropriate set of relative permeability curves may be 
allocated to each perforation to control flow into the 
wellbore.
Well Controls : Wells may be controlled by specifying either 
rates or bottom-hole pressures with the following rate options 
being available - surface oil rate, surface gas rate, surface
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water rate, hydrocarbon mole rate and eqivalent subsurface 
volume rate. Specification of desired rates or pressures is 
only required at times when a change occurs. An option is 
available to allow simultaneous injection of water and gas 
into one well simulating a HAG injection scheme. An auto­
reinjection option allows produced fluids to be collected and 
reinjected as required. A voidage control permits automatic 
replacement of a fraction of the produced reservoir volume. 
A production well group control option enables the allocation 
of target production rates to groups of production wells.
Surface Separation : The separation of produced hydrocarbons 
into surface gas and oil can be done by direct simulation of 
separator operation, or indirectly using table look-up when 
components are represented by correlations. Flash
calculations for the separators may use the EOS directly or 
composition independent sets of K-values may be either entered 
or generated indirectly by the Standing correlation
Well Constraints : When rates are requested bottom-hole
pressure limits are used to constrain simulated rates within 
reasonable bounds. It is also possible to use tubing head 
pressure as a constraint to take account of energy losses in 
the well bore. Further constraints in the form of limiting 
gas-oil or gas-liquid ratio, and water cut are available for 
oil producing wells. A similar set of limiting values can be
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applied for gas producing well. Minimum rate constraints are 
also available.
Constraint Violation : When gas-oil or water cut type
constraints are violated an automatic workover operation can 
be performed to shut in offending perforations. In such cases 
the requested rate is proportionately reduced to match the 
wells reduced productivity.
Input Options : Every input set has its own numerical
identifier, or alphanumeric keyword, depending on the program 
version. Multiple options exist for entering the same 
information, so that the simplest and most convenient form of 
input may be chosen for each simulation.
Input Format : Input is essentially free-format and, as it is 
interpreted by a text-analyser, it is possible to insert 
explanatory text, and to use repeat multipliers and nested 
brackets to simplify list entry.
Input Checking : All number sequences are checked to ensure 
that they are within limits and are properly ordered. In 
addition sets of data are checked for consistency and 
completeness. A large number of checks are made during input 
processing and warnings are printed if errors or suspected 
errors are detected. Serious errors will stop execution of
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the run.
Standard Output : At the end o£ each simulation run a summary 
file and calculation progress report are printed. A full 
range of output ranging from summaries and details of input 
data to reservoir, well or grid block data at various times 
throughout the simulation may be obtained at the end of the 
run if requested. Dummy (print only) runs may be made to 
provide additional output from completed simulations when 
required.
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